


I .  IN'IRODUCTION 

On September 2 1  and October 2 ,  1973, B. W. Colston, k c a  F.Ianager, 
b c k y  Flats  Area Office, U. S. Atomic Energy Colmission, requested infor-  
mation concerning contaminated materials and waste storage tanks. 
October 4 ,  1973, the request was broadened to  include the development of 
a comprehensive plan of act ion dealing with the investigation and unqual- 
i f i ed  location of a l l  contaminated s o i l  on the Rock;. Flats  plant  s i te .  
The plan was t o  include but not necesszrily be- l i n i t e d  to  defining locations,  
quant i t ies  of s o i l  involved, and preparation of cost  estimates and schedules 
for  proper disposal.  

On 

, : I , .?..-.. - . . , .  ..._ I ._ . . .... .,. ... ......-... v . 4  . The: prelimtnary ,response. t o  .these. reques*Ls:,-;,~~~ch:;,was intended .._., i.L;.r;? : ,, .!+ = . .  - .. . . , , . . .  

f o r  use i n  br ief ings,  was s u h i t t e d  on October 30, 1973, and included: 

1. 

. . .. 2 .  

3 .  

4. 

A color-coded map showing diere waste l ines  ex i s t  and what type of 
materials a r e  transported i n  the l ines .  Footing dra ins ,  foundation 
drains ,  and the general flow of suiface m i o f f  were included. 

A disizlssion o f .  instances wherein s igni f icant  quant i t ies  of radioactive 
or  other toxic  l iquids  are stored i n  tanks and the means available t o  
de tec t  leakage and i n i t i a t e  corrective actions i f  required. 

A color-coded map indicating bur ia l  sites with the type and estimated 
quantity of material buried. 
s ign i f icant  amounts of contaminated materials were del iberately buried 
o r  contained and did not include areas how1 or  suspected t o  be con- 
taminated due t o  weather act ions,  s p i l l s ,  leaking pipzl ines ,  etc. 

This map indicated locations where 

A l ist  by type and quantity of all harmful or  po ten t ia l ly  harmful 
materials currently being used on p lan t  s i t e .  

The following is the expanded and de ta i led  information which was 
requested and is  the result of searching records, reviewing l i t e r a t u r e ,  and e :I 
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nunerous discussions with a large number of enployecs many of whom have 
been cmplcyed a t  Rocky Fla t s  since 1952. 

In describing the location and types of materials involved, the 
use of the word "contaminated" has been purposely avoidcd. 
be interpreted as an attempt t o  avoid the issue but  merely t o  emphasize 
t h a t  no o f f i c i a l  def in i t ion  of "contaminated" ex i s t s .  
devoted t o  a de t a i l ed  discussion of "contaminated. 'I 

This is not t o  

Section I11 i s  

. .  - .  . .  . . . .  
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Soils d e r  and around Buildings 559, 701, 770, 771, 774, 776-777, 
779, and 995 have become i n f i l t r a t e d  w i t h  various. radioactive a id  chemical 
materials as a consequence of long-term, routine operations. Foundations, 
footings, pi l ings,  and associated drainages must be cons ide r4  both radio- 
act ively and chemically i n f i l t r a t e d  by leaks, s p i l l s ,  weather actions, e t c .  
The principal radioactive material i n  these areas i s  plutonium with minor 
mounts of other radioisotopes wid plutonium decay products [ *“Am).  E s -  
timated ac t iv i ty  leve ls  range from below present detection levels to greater  
than l o 6  dpm/lOO an2, actual  levels  are i n  a l l  probabili ty f a r  l e s s  than 
the maximun. lhjor chemicals involved include n i t r a t e s  , chromates (Cr+6) , 

j I .  . ... ,, .. :i!’.-. oaganics:.$such as a14.): ib<C., . , : :h some. locations-,, beqcllium,.;, , r .  , ..~.~.:;~~-.~.~..~,~. . -... _ _ . - _ , . , . _ _ l _  - w ! . . + , . ,  ... . - =.- . . .  ,. I 

Soils under Building 707, while faced with the same potent ia l  
f o r  s t ruc tura l  i n f i l t r a t i o n  of radioisotopes and chemicals, are not a t  
t h i s  time considered operationally affected t o  the extent noted for  other 
s t ructures .  . .- 

Soils under and around Buildings 441, 442 ,  444, 437, 865, 881;’ 
Soi l s  under Buildings 1 2 2 ,  123, 883, 886*, and 889 are a lso  i n f i l t r a t e d .  

125, 439, and 440 are involved but t o  a l e s se r  degree. 
of possible extrenely low levels of plutonium under and around Bilildings 1 2 2 ,  
123, and 881 and minor 233U in  Building 881, the major radioisotopes of 
concern i n  these areas are enriched and depleted uranium. Chemically, 
n i t r a t e s ,  chromates, and beryllium i n f i l t r a t i o n  a re  t o  be expected, espe- 
c i a l l y  i n  the r’400’’ Complex and under and around Building 865 and 881. 

With the exception 

Some uranium i n f i l t r a t i o n  may e x i s t  under Buildings 331, 884, 
and 991, but levels  are low, possibly undetectable. 

~ 

*“l i le  p3.utoniun is  handled i n  Building 886, it is handled i n  sol id  form * only. 
contributions. 

FAriched uranium s p i l l s  are considered as the only niajor possible 
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A summary of the re la t ive  degree of s o i l  i n f i l t r a t ion  under 
buildings known or suspected t o  be radioactively or  chemically i n f i l -  
t ra ted a t  Roclo/ Flats i s  shown on Table I. , I  

Details of each building and the surrounding area are included 
with the following nlaps. 

Q 

5 

I ' .  . r i :  

,.. , . ., , I  8 , . .  , : . -  I 

. .  . . .  
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e, TABLE I 

The following bufidlngs at Rocky Flats are  currently known o r  suspected 
t o  be radioactively or  chemically inf i l t ra ted.  
s o i l  under eachbsnilding is similarly inf i l t ra ted.  

It  is assumcd that the 

q T e  Of 
Radioactive 

Building b d i l  trat ion 

1 2 2  
1 2 3  
125 
331 
334 

**Estimated Ikgree 
Radioactive Chemical 
Inf i l t ra t ion Infil tration 

Trace 
Low 
Trace 
Trace 
Trace 

Race 
Moderate 
Trace 

,. . -  .>' B : . r .  . .  t .. . Trace - . ...., : . . .  I . 4 . .. -.. , :.-, .. , , '43.9 ,' , .j. 
n . . , . . * .  . t i , , <  -., ,__ , . . . I  r. s *  

Trace';' 
- _  . . , -. 7 , 440?.,' - - 

441 ' D u  Trace Moderate 
442 w L O W  Trace 
444 Du Low bbderate 
44 7 aJ Low LOW 
559 Rl Moderate High 

Trace Trace 
Low Trace 

663 pu 
7 01 Pu 
7 07 pu L O W  Trace 

I I ,I.. 770 1 ,,-. . .Pu Low f ' .* L O W . : ,  I 

771 m High High 
774 Pu bbderate Moderate 
776 Pu High LOW 
777 Pu Moderate LOW 
7 78 Pu LOW Low 
779 Pu LOW Moderate 
865 w L O W  LOW 

883 

8 86 . . . Pu Trace 'Trace. .' 
' - 8 8 4 , .  

8 89 Eu LOW Moderate 
991 Pu Trace 

0 1. 

t 881 ELI Low High 
Eu LOW Trace 

. . .  r I , ,. I , . . . I  6 . . , , ,  ' .  . E u  " ' .  Trace . -  . ,... 

*Type of radioactive inf i l t ra t ion  refers only t o  major radioactive material 
Other radioactive elements are  also involved but to lesser extent. involved. 

**%pee of i n f i l t r a t ion  refers t o  relative cost of clewup. 
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MAP 106. B-SERIES HOLDING PONDS , 

MAP 11. BURIAL SITES 
MAP 13. ROADWAYS OF NITRATE 
MAP 14. PROCESS WASTE SYSTEM 
MAP 14A. PROCESS WASTE-LINE LEAKAGE AREAS 
MAP 15. STORAGE TANKS I '  

' 
I 
I 

FIELD 

MAP 15A. X-GAS BOTTLE DISPOSAL 
MAP 16. PLUTONIUM ISOPLETHS 
MAP 16A-B. ANALYTICAL RESULTS IN PLANT VICINITY 

P 4. SOLAR 
EVAPORATION 

MAP 19. AUSTIN GRlD 
MAP 20. SAMPLE WELL 

MAP 7. 122, 

76-777, 778, 779 

SURVEY RESULTS 

(MAP 2A. AREA AFFECTED BY '69 FIRE) a ' 5  
$ 4 
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I 

MAP 10A. 
SOUTH 

WALNUT 
CREEK 
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Incidents by Area 

Map 1 (Buildings 770, 771, and 774) 

The nature of operations in Buildings 770 [Scrap Storage), 771 
and 774 [Liquid l a s t e  Treatment) are such tllat i n f i l -  

Remarkably, there have been relatively few i n c i -  
(Chemical Recovery) 
t ra t ion is inevitable. 
dents which have, as a rule,  been quickly contained and cleaned. 
m n a r y  of m e  of  the major incidents follows. 

A 

Physical default of process waste storage tanks and dnmts has 
been one of the major contributors of chemical and radioactive neterials 

(south of Building 774) contributed levels of up to 2,500 dpm/g (gross 
alpha) and leaking drums (north of Building 771) i n  1971 contributed levels 
up t o  100,000 dpm/100 an2 on asphalt. 
200 square fee t  of asphalt i n  one incident and about 2,300 i n  another) 
were removed for  off-site disposal. 

65-6 '~i-ldings' :  . , Leakj..g' ; prokegg -was.Le .'",'; ;&'*;;;.: tki 

Both the s o i l  and asphalt (about 

. -  
As noted on 6hp 1, the outfal l  northwest of &ilding 773 has '  

been the s i t e  of some material accumulation. 
the release of plutonium in  laundry water and watzr from laboratory sinks. 
In 1958, radioactivity of 17,400 d p / g  was detected i n  the so i l  a t  th i s  
outfal l .  Soil samples collected i n  1971 indicated 100,000 dpm/g. The 
plumbing leading to this o u t f a l l  was corrected and 149 d m s  of soi l  were 
removed for  off -site disposal. 

This outfall  resulted from 

The area immediately adjacent t o  the Building 771 ventilation 
s tack must also be considered an area of interest ,  however, fa l lout  from 
this stack i s  minor compared to process waste inf i l t ra t ion  (discussed in  
conjunction with bfap 14). 
is also of interest .  

The underground plenum leading t o  the stack 

7 - 



Chemically, thcre have bzen several  instances of caustic and 
acid spil ls  i n  this area. 
f i l t r a t e d  the s o i l  around the HF storage shed, but due to  the extreme 
reac t iv i ty  of t h i s  material ,  l i t t l e  o r  no environmental-affective residue 
hrwld be expected. 
(yaw) tanks south of Building 771 and north of Building 774,  respectively, 
have also overflowed, leaked, etc. In a l l  cases, these s p i l l s  have been 
dramatically di luted with water and, with one possible exception, should 
have limited environmental consequences. 
be an o v e r f i l l  i n  the KOII tanks south of Building 771. 
much of the overflow penetrated s o i l  t o  the  level  of the Building 771  foun- 
dation and i n f i l t r a t e d  s o i l  under the  building. 

reduced the possible concentration t o  an inconsequential l eve l .  

Hydrofluoric acid QF) has, on occasion, in- 

I l e  potassium hydroxide CKOH) and sodium hydroxide 

That possible exception would 
I t  is' l ikely tha t  

However, the presence of 

f.f.. under.. the.  building. hay?. .wre .,th 
. f . ! . B . , .  ,:?' .> . , ; s a . - , , .  ....., . . . .._ ., . _ . I  

Table I1 documents major incidents i n  the Buildings 770-771-774 
area. 

It  should be noted tha t  while corrective action has h is tor ica l ly  
~- 

I - . - *  _ _  been to .  renbve' the"8ffected s o i l s ,  it is  a physical impossibility t o  remve 
it all.  
"hot spots" a re  t o  be expected, even i f  not  detected. 

Therefore, "minor" i n f i l t r a t i o n  inevitably remains and re la t ive  

- 8 -  



DFFlCiAL USE ONLY;* 

TABLE 1.1 

Major Incidents in the Area of Buildings 770, 771, ,and 774 (See bkp 1.) 

(Note: Pipeline leaks, etc., are discussed separately.) 

Prior to 1956, the process waste holding tank located north of Building 771 
overflowed on several occasions with minor impact. 

1956 October: Process waste tanks milding 774) overflowed, minor 
environmental infiltration. 

... t '  . ,. .. ' ,_ . . . 
,,.A,;> ,...." . _ .  . . -. . ... ; 1957i-.lr:;.: i~.&g.&!&~e,&i.ng process.,ww,te: J ~ S -  . . ( ~ ~ i l d ~ g ~ ~ . ~ : ? 4 ~ ~ ~ ' ~ ~ ~  

environmental infiltration cleaned up. 
I 

. .  

I September: Building 771 fire - some environmental infiltration, 
particularly north and near the hatch on the southwest corner of 
the building. 
inconclusive. 

~ 

Actual levels udcnown, soil and vegetation samples 

1958 

1963 

April: 
17,400 dpm/g. 

Soil infiltration noted at laundry outfall (Building 773), 

January: Liquid containing plutonium spilled outside Building 774 
entrance. Material cleaned up. 

. .  . I .  . .  . . - . - . < . * * . . Y -  . . , .- . . .. , . . - .  - . .. ~ 

. .  --, . 
. 1964 .. -. . . Jdnuaiy.: Coveralls containing plutonium found on west dock- o f .  .' . 

Ruilding 771. 
in locker roan. 

Levels to 100,000 dpm/100 an2 found on dock and 
Cleaned up mediately. 

1968 May: 
station tank overflow to Building 773 outfall. 
of radioactive and chemical materials. 

Sewer line break a t  Building 771 resulted in sewage lift 
Low concentration 



1970 Efay: Soi l  samples collected from Building 773 ou t f a l l ;  approx- 
jmately 100,000 dprrt/g. 
and 149 drums of s o i l  removed for  o f f - s i t e  disposal. 
c q l e t e d  August 30, 1971.) 

Plumbing mdif ied  in September 1970 
0 

(Removal 

1971 Scrap drumleakage (June and July) resulted i n  recorded levels 
to 300,000 dpn/100 cm2 on about 2,500 square f ee t  of asphalt 
north of mild ing  771. Asphalt removed for  o f f - s i t e  disposal. 
In !September , construction excavation between Buildings 771 
aid 774 exposed tunnel which contains process waste l ine and 
which a t  one time was  used as an exhaust ventilation duct for  
Building 774. The exposed cracks i n  the -el were sealed. 

o f f - s i t e  disposal i n  January, 1972. 

, ' .I.:> ., ' 9 '  '4. . . > , , , . -e . "  L ,  S I  ':'. ,... l ' . . . * U  .. ). %;-!of i ~~~~z'~~~appI;oxirnatel)?"  ,. . I ?  z4- dp,8j 4.,weye 
.I. .. .e ' . & . I .  7 . : .- 8 . 1  .: ., L . ... 

T 

I I , 

0 

!\ 

1972 

, . <  . ,  , . 

1973 

September: 
timated levels  t o  200,000 dpm/lOO a n 2 .  
soil removed f o r  o f f - s i t e  disposal. 

Building 774 dock - unknovm source resulted i n  es- 
Thirty-six drums of 

L 1. 9 , . . _ _ I  . . ._ I I 

March: 
imately 350,000 dpm/liter) inadvertently released from 
Building 774. 
ac t iv i ty .  
tanks f o r  ins ta l la t ion  of new inspectable processing tanks. 

Approximately 500 gallons of plutonium waste (approx- 

Pond samples showed only s l igh t  increase i n  
Started removing s o i l  around b i l d i n g  774 waste 

_. --August: A punctured scrap box and drum resulted. i n  up to  
200,000 dpm/100 an2 on approximately 3,600 f ee t  inside and 
approximately 500 square f e e t  outside Building 770. 
began immediately, s o i l  and asphalt removed for  o f f - s i t e  
disposal. 

Cleanup 

There were no incidents which were considered t o  have resulted 
i n  environmental i n f i l t r a t ion .  
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':? X!WITH COUNT CUT AWAY FOR OFF - n A n M 6 n n 

SITE DISPOSAL. 

N-38,500. 

100,000 DPM NOTED B E F O R E  SOIL AREA OF CONCERN DUE TO 
REMOVED. RESIDUAL MATERIAL 
PROBABLE. PLUMBING HAS 
BEEN CORRECTED. 

PHYSICAL DEFAULT OF STORAGE 
CONTAINERS. LEVELS TO 
100.000 DPM RECORDED ON 
ASPHALT BEFORE REMOVAL. 

. .  

N-38,000 
AND ACID SPILLS. NO 
NViRONMENTAL EFFECT SOME INFILTRATION PRlMARl 

TO THE NORTH OF 771 AND 771 STACK AND PLENUM 

HATCH .ON THE 
SOUTH VJ E ST 
OF THE 
BUILDING. 



.. I . ,  . .  . , P . ,  :,.I., 7..:< i , :.,, ._ . . . .. ... . . . .. 

Tllis map gives an a rb i t ra ry  indication of Zossible affected arcas 

As indicated,  low level  n i t r a t e  and radioactive i n f i l t r a t i o n  is  
Soil  samples of the area j u s t i f y  t h i s  low-level assumption, with 

as a result of operational incidents and accidents in the Buildings 770-771- 

774 area.  
expected. 
plutonium values ranging from undetectable to  64.9 dpm/g. 

It must a lso be emphasized tha t  the variables inherent in s o i l  
sampling (i .e. ,  pa r t i c l e  size, type of s o i l ,  physical locati.on, vegetation 
cover, etc.) and the state-of-. the-art  do nc t  - pennit wholesale drawing of 
conclusions as t o  leve ls ,  accurate isocurie  contours, etc. 

cent t o  an undetectable one and vice versa. 
derived, by one means o r  another, they w i l l  be incorporated into t h i s  report  
f o r  reference. 
the only judgment c r i t e r ion  and w i l l  be so presented herein. 

I t  is the nature 
O-ft t & c ~ ~ c j ~ ~ p J r ~ .  ~ ~ ~ ~ ' ' ~ ~ ' ' h i g h l . ' l ' s a r n p ~ e :  n ' I .  .. could be &et@&d;::.he$iaee&x ?..\ .. .adj . ,.L,..4 a:;; .:.,, , -::;,;,.:;, '. .?. 7. . 

Where such contours have been 

Wherever possible,  however, actual  sample resu l t s  should be 

. I .  . . . .  - , , . - . ,  , .  . . . .  ..? - 

. & . .  . . -., . . I. . , .  - . . . -  . .  . . 
. .  
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Map 2 (Buildings 701, 776-777, 778, and 779) 

In June 1964, an explosion within a glovebox i n  Building 776 
resulted i n  extensive release of plutonium to  the in t e r io r  and some to 
the exter ior ,  primarily north of t ha t  building. 

A fire on May 11, 1969, released plutonium t o  a l l  of Buildin2 776- 
777 and areas of Buildings 771, 778, and 779. 
involved, however, remained essent ia l ly  in t ac t  and very l i t t l e  environmental 
i n f i l t r a t i o n  can be a t t r ibu ted  t o  the  actual  fire. Subsequent extiiiguishing 
e f fo r t s ,  and cleanup did,  however, provide some contribution (Map ?A) . 

The in t eg r i ty  of the buildings 

? I  :,?,.a . !, t .. . * . . , ,i . . I .  "1.7 Sf ~-lzt~r2t>io . " .  ..,, i . . . i r . I  ...v r '-E.., '.- . ~ >+,.&*i..-.- .; . . . 7 i',-. < 'L' 
. . - * . . .-*.,.. , 

I . .  ' I  L.. , ., .., Q..Li 
7 ,  ::.,:,: . , " , . * ~ . " !  , :  dents a re  p r  imar i l y  're sponC5ble '* f o 

in this area. 
covered with asphalt. 
of s o i l  and asphalt (containing an estimated 1 4  mg Pu) were removed from the 
west s ide  of Building 776. 
north of Building 776-777, has levels  of  radioact ivi ty  of about 700 dpm/g. 
Men tllis area was surveyed, no pa r t i cu la r  "hot, spots" were found but the 
material was somewhat deep in  places,  par t icu lar ly  around a drain i n  the 
dock area. A French drain north of Building 776 may have contributed t o  
some plutonium i n f i l t r a t i o n  below the surface although no surface expression 
has been noted. 
in October 1971, north of the Building 776 compressor shed d i rec t ly  under 
the gravel and the s o i l  w a s  subsequently removed f o r  disposal.  

The majority of the affected s o i l  has e i the r  been removed o r  
As examples, i n  September 1969, approximately 320 tons 

A n  asphalt-covered area of about 10,00@ sqcare f ee t ,  

Radioactive leve ls  of up t o  80,000 dpm/lOO cm2 were noted 

Nore recent incidents,  such as process waste backing up into a 
s tool  and sink i n  Building 701 (June 1972) have also contributed some degree 
of i n f i l t r a t i o n  t o  the area in the v ic in i ty  of tha t  s t ruc ture .  
has been some minor sp i l lage  of carbon te t rachlor ide in to  the  s o i l  a t  the 
storage tank near the southwest comer  of Building 701. 
environmental consequences are expected from t h i s  sp i l lage .  

Also there 

No signif icant  



Building 779 bas erected over the s i t e  of one of the o r j s ina l  
solar evaporation ponds. h r i n g  excavation (Septmbcr 1962) levcls  of 
radioact ivi ty  ranging from 11 to  75 dpm/g were noted, and l a t e r ,  pools 
of water i n  these excavations had leve ls  t o  150 dpm/l. 
material involved bas mostly uranium. 

The radioactive 

With the exception of the recent tritium incident and minor 
involvement in the 1969 fire, only one other major incident of environ- 
mental significance has been documented jn  Building 779. In June of 1969, 
an improperly opened waste drum resulted i n  radioactive material  spread 
to the first f l o o r ,  u t i l i t y  room, dock and adjacent grounds, and walkways 
east and south of the building, mostly by personnel tracking. 

subsequently removed 'for o f f  - s i t e  disposal. 

Levels up 
_ .  

' . I . .  .I 
. . ..- ' 

-_. ::; i' :,; ; ! I  ,::i!:~~;.to.-,5Oi~000~~~rJTO~.ian2;'~~ere:-recprded, 'and a, number.:of +d--.:,o$--$o$i. were .;2 .+,i.,., e-- . .  , - 7 ,  , . , 
~ . . .  q . .  . . 8 I . !  -2. - * . 

Thus the e n t i r e  Buildings 776-777, 778, and 779 areas (including 
substructures) must be considered a t  l e a s t  p a r t i a l l y  i n f i l t r a t e d  with radio- 
active materials primarily on the north s ide of the complex, the west s ide  
of Building 776, between Buildings 777 and 779, and the courtyard between 
Buildings 776-777 zkd 778. 

$ 8  

Some chemical i n f i l t r a t i o n ,  notably n i t r a t e s ,  chromate, and 
par t icu lar ly  i n  and near Wilding 775, possible organics (CClk), is to  be 
expected, par t icu lar ly  beneath and north of the buildings. 

. . . .. .. 
. .  

. I .  .. . 
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3 , )  ABOUT 10,000 SQUARE FEET, ASPHA 
ABOUT 700 DPM/G. 

LOCATION OF OLD SOLAR EVAPORATI 

'ROCESS WASTE 'BACKUP, . L  1972. SOIL 
- . .. . - .ON 

11 TO 75 DPM/G NOTED DURING POND, 
CONSTRUCTION. PROBABLE HIGH NITRATE REMOVED. 

IMPROPERLY OPENED 
DRUM. 'JP TO 50,000 

(AREAS AFFECTED NOTED, SOIL BY M A Y  '69 FIRE ... SEE REMOVED. 
FOLLOWING MAP.) 
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0 bIap - 3 (Euildings 559 and 707) 

The Senricc Laboratory Fac i l i ty ,  Building 559, began operation 
Original process waste pipelines under thc building were i n  bIarch 1968. 

made of Pyrex 
and natural  s e t t l i ng  of the building have resulted i n  several breaks i n  
t h i s  glass l i ne ,  which are discussed i n  conjunction with blap 1 4 .  

QJ glass t o  combat a pers is tent  corrosion problem. Operations 

Building 707, the  newest production complex, has created no known 
Before construction, however, a section of  the environmental i n f i l t r a t i o n .  

or iginal  process waste line (see Map 14) w a s  reinoved and some residual ma- 
t e r i a l  might be in  residence. 

s l i gh t ly  elevated n i t r a t e  levels ,  but t h i s  could be due to  a number of 
factors.  
no leak o r  i n f i l t r a t i o n  is  assumed. 

A sampling well (see Map 20) located near 
, - 

:, . %h'&-'!pp &sS,S.$&S?@; :fio\l d t d  : ' ( . ~ e - ~ ~ e e ~ " ' B u i ~ d ~ n , s s  ., 70;7 ]i&i.fif-o&ficea . .c . -  ., ., L_ ,_.( . .z* '~; . ' * -~~'  
..a. ~ -.--. -. . . .  . 

No radioactivity has been detected in  these samples, therefore,  

. ,  . -  . . . v . . . . , . '  . 
. . .. . .  

- 1s - 
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hhp 4 (Solar Evaporation Ponds) 
C. 

. 
Since the p l a n t ' s  inception, high-ni t ra te  w3stes ]lave been 

concentrated (by evaporation) in a series of solar-evaporation ponds and 
over a 20-year time span, same loss  of in tegr i ty  o c c i r r d .  
sulted i n  some i n f i l t r a t i o n ,  primarily chemical, of t h e  s o i l  under and 
around these ponds. High winds have also contr i lx~ted Solile spread of ma- 
t e r i a l .  A continuous program of cleaning and sealing the  ponds has been 
necessary. In June of 1971, 30,000 dpn/lOO an2 were noted a t  the high 
w a t e n i r k  on the w e s t  side of Pond 207-A, contributed mostly by uranium. 
Thus, i n  addition t o  n i t r a t e s ,  low level  radioactive permeation of the 
s o i l  is probable. 

The leaks re- 

' 

L . . . . . . . . . . . .  % ,..- > -  . . . . .  ,,. ..... i . z :. , _,,,.i.. 

. .  *-.-- ~ . \ . .  .--..:-..-- 
. . -  ,. 

To minimize the nitrate invasion of North h'alnut Creek, catch 
trenches have been placed downslope from the so la r  ponds. 
t r ap  the  ni t ra te- laden runoff which is then pumped back in to  the solar  
ponds. Map 4A d e t a i l s  nitrate concentrations (percent of NO? . - .. i n  s o i l  by 
hieight) as determined by s o i l  sampling (core samples). Again, without 

These trenches , 

sampling 1 Y . O  every ! square inch . . of 4 .  the affected area, these - 1  ' contours . . ,< ' . /  inust ... be 1 . .  , .: 
considered i l l u s t r a t i v e  only. 

, 
... . .  . .  . ... . . .  . . . .  .._,I. , .Y r .,. ,.-. - .. . .... ... . .  ._ - .  . . .. . .  , . .-  * I .  

. -  ,._. ...... , .- . . .  . . . . .  . -_ ... ,- 
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khp 5 [Storage Arezrs f o r  Radioactive Fhter ia ls  [Fxcluding 903 Area]) 

Other than Buildings 771 and 774 and the 903 Area, two sites 
have been predominztely used f o r  storage of radioactive scrap fo r  processing 
or waste  for  disposal. l 

I An area east of the so la r  evaporation ponds is s t i l l  u t i l i zed  
for s torage of samp f o r  processing. In January 1969, 29 of these dmils 
were f m d  to be leaking with resultant levels  of up t o  200,000 dpm/100 cni'. 
About 2430 square feet of s o i l  was removed t o  a depth of 3 t o  5 inches i n  
Mrch 1970 for o f f - s i t e  disposal.  
containers to protec t  them from the weather. 

200,000 dp/lOO a2 i n  May 1971 and the s o i l  was removed fo r  o f f - s i t e  
disposal. On June 21, 1973, a d m  containing a n i t r i c  acid solution 
leaked, affect ing ,an area of about 500 square feet ,  with levels ranging 
from about 2,500 dpm/lOO an2 t o  i n  excess of the range of the detection 
instrument (greater than 2,000,000 dpm/lO3 an2). 
of soil were removed fo r  o f f - s i t e  disposal. A s o i l  sample, taken after 
cleanup operations were completed, indicated 24 dprn/g. 

The drums were then placed i n  cargo 
Further leakage resulted i n  

. I  

Y :  :-:A: L , ' . r , , a n ~ ~ ~ ~ ~ o f . ~ r o ~ t e l y  1;OOO square feet .  affected fronr-2-;000.. to:-- k: I ' I  - 

Approximately 30 d m i s  

The Building 663 storage area,  eas t  of Seventh Avenue (opposite 
Building 444) and t he  adjacent storage yard west of Seventh Avenue, have 
both been affected several  tines by punctured o r  leaking waste boxes and 
drums- Both uranium and plutonium so l id  wastes, o i l s ,  and coolants have 

.,.., ~ _ . . . ,  
- a  I .  been -involved; . The. *areas have been scraped and the soil.. rexoved., but low. 

level  residual plutonium and uranium a re  present. 

Building 663, the storage and shipping facil i ty,  has a l so  been 
Thus a t o t a l  of affected due to punctured drums and broken waste l i nes .  . 

Rdg 



... .. 

about 280,000 square feet i s  possibly involved, to a varying extent,  w i t h  
low lcvel infiltration. 

. , , . . -, ... . I . . 
- .  . .  

. .. 

.i 1 

. *.* I. . I .  - " - . _ I _ .  , ..... . 
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Map 6 (E:<-l,&mgs 439, 440, and 444-447) 

Ikpleted and enriched uranium and beryllium are the principal 
materials of concern t o  t h i s  area. 

I .  

P 
.... 

. .  -, 

_ _  

. 
27 

Ih 1953, high winds blew the l i d s  of f  waste drums and uranium 
.was released t o  the dock, driveway, and surrounding grounds. 

as high as 7,500 d p n / l O O  an2' and smears as high as 350 dpm were reportcd. . 

The docks and sidewalks were cleaned up and the driveway areas seal-coated. 
A broken process waste l i n e  (June 1966) north of the building resulted i r i  

some possible  i n f i l t r a t i o n  as did. leaking storage drums south of the buij.d- 

ing. -An open ingot  storage area east of Building 444 and a metal. storage 

Direct count 

. aFea asarth~~o~';~~,~~-_building.~.have -.undout>ted.ly resultea.:-in-;Iqwl'-l:e~e~~ ~ . i l ~ . * .  I,, .: ., 
. *. . . .  . - .  -.' I _  7 1  

tration of the soi l ,  as has a uranium machine too l  storage area west of 
the building. 

In May 1960, a vacuum col lec tor  f i re  in Building 447 resulted 

In December 1962, a uranium/beryllium release from Building 444 (due 
i n  approximately 44 v C i  depleted uranium deposited on the roof of the biiild- 
ing. 
to us; o f  ah d i l t e r e d  hood) kas noted. 

. . . .  - - I  _. ~ c 

Thus, these areas immediately adjacent t o  Buildings 439, 440, 
and 444-447, as w e l l  as the storage areas noted on Nap 6 ,  must be consid- 
ered radioact ively i n f i l t r a t e d  t o  some degree as should the footings and 
foundations of these buildings. 

... :",,* 
..L I 

. I. 

. .__.. _ ,  .-,. ..... ~ . ,  .. -.*,= ........... .-.. ............ m . . . .  . . ..... .. . . . . . . . . . . .  . . .  . . .  . . .  . . .  .. ~.._" .- ,..-.. 0. .,. - . .  1 . ,. 
. .  

- - ... . . . .  . . . . . . . . . .  Chemkally, no s p e c i f i c  incidents have been noted, '  but routine -. 

generation of nitrates and c.5romates would indicate  a t  l e a s t  the poss ib i l i ty  
of these mater ia ls  being present i n  s o i l  under and around these buildings. 

- 26 - .. 
. .  
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Ehp 7 (Buildings 122, 123, 331, 334, 441, 442, 443, 551, and - 554) 

Building 122 @kdical Facility), with i ts  extremely low level 
waste-liquid generation, operated with a 55-gallon c l m  as a waste tank. 
Rusting of t h i s  drwm and subsequent leakage resultcd in  some low-level 
inf i l t ra t ion of soil under the building and the removal of a section of 
the floor inside €southeast corner) the building. Significant inf i l t ra t ion 
is not suspected a d  has not been detected in  areas around the building. 

Building 123 mealth Physics Laboratories) generates low-lcvel 
radioactive l iquid waste a s  well as chemical wastes. Known or suspected 
underground waste-Bine leakage has contributed some material to  the 'soil 

due to high hydrostatic pressure, thus minimizing the potential. 
rr.t %\,1,..1 i:: . .  . .:, L..: i 1: ;.beneat.h;che;. bu!ld!@g+ i Leakage,, ' however.j also appe.ars:;p,p_be ,-into.. &lie. (lines. $...-' + ' .': ' .  L. 

Ehilding 441 was originally a laboratory handling small quan- 
t i t i e s  of radioactive material as well as quantities of various chemicals. 
Thus, the so i l  and piping beneath the building must be considered suspect 
i n  regard t o  both chemical and radioactive inf i l t ra t ion.  

~ 

The Laundry, Building 442, is also potentially affected by both 
radioactive and chemical materials, notably depleted uranium and beryllium, 
and in  1964 the Laerndry was inf i l t ra ted  by enriched uranium, impregnated 
in  clothes from Building 883. The s o i l  i n  the vicinity of this building 
has also been affected by instances of radioactivity release. 

. . -- -.. ... in December. .1963, rag-cleaning barrels. stored near,, the. building either, .._ . 

leaked or spilled. 
side of the building. 
end of Building 551. 
concentrations in  that  area to a low level. 

For example, 

The liquid drained east  into the ditch on the northwes: 
Radioactivity was detected as  f a r  east  as the east  

Cleaning efforts and subsequent runoff has reduced 

_ _  - .,- , 

BJilding 443, the Steam Boiler P l a t ,  has had no known radio- 
active material involvement. Routine operations do involve chemicals, 

e 



i 

particularly sulfuric acid and sodium hydroxide. 
note 
of the building. 
Building'442) to a trap dug in the center of the l o t  which is now used 
for Building 444 parking, 
somewhat acidic, but no adverse effect  on the enviroment has been noted. 

The only incident of 
when a quantity of sulfuric acid was spil led to the environs 

0 
The acid drained eastward (on the south side of 

This s o i l  i n  the area would undoubtedly be 

A portion of h i l d i n g  331, the P l a n t  Garage, was a t  one time 
used for a special RGD e f for t  involving depleted and enriched uranium. 
NO incidents or releases were noted during this operation aid no environ- 
mental residue is expected. Due to the repair and storage of vehicles 
t he re . i s  possibil i ty of organics such as o i l  and gasoline in  the s o i l  

-, . ,. ' . ... .L , %.-.'.*..r . . . : ,, -:-,.. .. . . , .!.: 
-. . . , *.L . . . _  .,.. .,: 26. 7 -  . . . I .  .., _ . _ : , >  L ' . . : . .  . I. .. ..,.. ?.ii.'.+-.,, . . "  , . _  .. L . .  . . , .'. . .hn&th .t.he ':&il.dj"g .( ;-';'. ' , .' . . .  

Euilding 334, the main hkintenance Shop, was also used for special 
Some thorium has also work involving the shearing of some depleted uranium. 

been handlcd in Building 335, again, with no known incident. No environ- 
mental encroachment of any material has been detected or is e.upected as a 
result of qxxat ions ' in  th i s  building. 

* .  ,- 

The Warehouse, Building 551, and adjacent grounds, have been 
areas of concern several times. For example, detectable uranium was dis-  
covered on the Warehouse floor i n  April 1953. Uranium chips and turnings 
were discovered i n  an aluminum scrap p i l e  near the Warehouse in  1963 and 
again i n  1964. In July 1963 

.and again 5n 1970,~ROclcy Flats received equipment and drums from off . s i t e  
which contained uranium above the Rocky Flats acceptable level. 
the en t i r e  shipment of 55-gallon drums was returned t o  that vendor. 
and other minor incidents lead t o  a t  l eas t  suspect areas under and around 
Buildings 551 and 554 (where the 
storage area east  of Building 552 i s  suspect for the same reason. 

These were removed and the grounds cleaned. 
. .  b s  I - 

In 1970 
These 

drums were received). A small drum 



There have been some minor l e a k s  and sp i l l s  froin drums and storage 
containers in the non-radioactive chemical. storage area east of EuiI.ding 551. 
While a mall area might have been affected, quantities iiivolved hive been 
so small that no impact has been noted nor expected. 
marily to store dnun quantities of acids, o i l s ,  soaps, and solvents. 

This area i s  used pr i -  

. . . _ , ,  ,..~ . _ _ .  . 8 .  I .  

-., . 
~. 

r, 
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0 Map 8 (Buildings 865, '883,  '886, and .889) 

ntte to the nature of operations i n  these buildings, s o i l  i n f i l -  

tration is expected t o  soIiie degree under and possibly around tl:ese buildings. 
S p i l l s  involving urmium i n  Building 886 have occurred, with an inherent 
possibility of substructure in f i l t r a t ion .  
documented Tn the other buildings (with the exception of a January 1969 
incident wherein the roofing was blown off  Building 889 with no environ- 
mental effect). 
oratory was stored outside (just east] of Building 883 and west of 
Building 889. 

from w a n i t m a r e a s  on a pad north of Building 889 p r io r  t o  processing. 

No specif ic  incidents have been 

A t  one time, however, some equipment from a uranium lab- 

€?resent prac t ice  includes temporary storage of equipment 
. 

... ?-.d-,.*..L &'. ..".* .,..._ *.*.. . . . -  1 ' .;a.lko :..Be , ./.. ...... 
i *...c.c-,A ..... .1.. -__ ,....-, .." . . * ~ ~ r ~ ~ ~ + @ ~  j reaS~:bf'; .inte~est=;- although no is: . . -_-- .( 

or i n f i l t r a t i o n  has been noted. 

.,I.. . . . . .  L.. I 1 .  

. ,  . . .  . .  
~' 

. ,,-,A- . . . . . . . . . . .  ." . .  . . . .  . . -.- . .  . .  I .  
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b f a ~  9 (hi ldinrr  8811 

Building 881 or iginal ly  a production building, w a s  pa r t i a l ly  
converted to  a general support building i n  1964. Although few incidents 
involving the building have been documented, i t  represents an area of 
interest, primarily due to  the age of the s t ruc ture  (one of the or iginal  
p3ant buildings). 
(laboratory area October 1961 and 1968) incidents have been noted i n  thc 

. building and waste l ines  have been broken with resu l tan t  probable Xil- 
t ra t ion .  
the cooling tower northeast of the building. 

Both uranium (east  dock Febnnry 1960) and plutonium 

Low levels  of plutcjnium have been detected i n  the a i r  tunnel and 

. .  _ .  .... . . . , . -  ... ~ 1- > , t~or;i;;u6qj&. .. .. .- l&f:si!tes';J fSee.-rriai;j-,"s xte$~@.?$a$das ,:n&*&. -z. ~..~-~.., - , . . .  . 
1 ,  

Building 881 have been involved with radioactive material .  
several hundred sqyare f e e t  northwest of  the building was involved i n  
1958 when a concrete s lab ,  remved from the east s ide  of Building 776, 

.9n area of 

@ 

. ,-. . .  I 

e 

was deposited there.  
cleaned. 
primarily t o  the northeast of the building. 

The s lab  was broken up and removed and the area 
Conversion activities 3 1 S O  resul ted i n  sone possible i n f i l t r a t i o n ,  

i I I .  ( I  i t  I ' 1 .  L 

I n  May 1973, o i l  (#6 fue l  o i l )  from an undetermined source was 
discovered on the h i l l s i d e  below Building 881. 
the spread of the o i l  into IVoman Creek o r  any holding pond. 
on the Building 881 fuel  tank and l i n e s  (the only known possible sources) 
d id  not show any leakage, but t o  date the o i l  continues to  energe through 

t o  t r a p  the o i l ,  which drains in extremely small quant i t ies ;  
soaked straw which was used to  t rap the material ,  as well as most of the 
s o i l  involved, has been removed. 

Prompt act ion prevented 
Leak t e s t s  

. the Building 88I..footings drain.  A concrete skinnner has been b u i l t  
The o i l -  

- 34 - 
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Flap 1 0  ( h i l d i n g s  991 d ' 9 9 5 )  
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Building 991 and the  associated storage vaul ts  [tunnels 996, 
997, 998, and 9991 are also o r ig ina l  plant s t ructures  and thus under 
suspicion due t o  age. 
tonium, as w e l l  as uranium and beryllium, liave been noted i n  Building 991, 

and extensive research activities have undoubtedly spread some t race con- 
centrations of materials i n  the  vicinity of the building. 

Incidents involving very small quant i t ies  of plu- 

Although radioactive materials have been continuously s torcd i n  
the vault  areas ,  routine surveys have indicated that with the possi.bl.tl 
exception of 996, which might be s l i g h t l y  uranium i n f i l t r a t e d ,  the vaul ts  

ye, regined.,;. . .. .. remarkably - . - !!cold;. V Any ,env,isoqe+l .*.: - ,lea:k-ige .been. 
ra ther  than out as determined by salt i n f i l t r a t i o n  in to  the tunnel areas.  

Building 995, the Sewage Treatment Fac i l i ty ,  has h is tor ica l ly  
been the recipient of effects from incidents i n  other areas of the plant.  
For example, the overflow incident in Ihiilding 701 (June 1972) contributed 
elevated levels  of radioactive material (plutonium] t o  the Building 995 
eff luent  and drying beds. 

. 

In  1972, plumbing change's were in i t i a t ed  to  
channel a l l  wastes through Building 995. The increased load thus generated 
lead t o  increasing radioact ivi ty  levels i n  sewage sludges which a re  shipped 
off si te f o r  disposal. Surge overflows and incidents involving spi l lage of 
the dried o r  drying sludge llave created an area of concern which extends 
from the ou t l e t  of the South IValnut  Creek diversion culvert  t o  and through 
the B-series holding ponds, and surrounding the treatment area including - _. 
both s ides  of the perimeter road east of G i l d i n g  995. 

The original process waste o u t f a l l  (frm Building 774) was located 
j u s t  west of the Building 995 ou t f a l l .  
charge fur ther  upstream. 
and then, through the sani tary sewer lines, in to  Building 995. 
doned l i n e  is s t i l l  i n  place. 
the abandoned l i n e  are  noted on Map 10 as areas  of i n t e re s t .  

The l i n e  was later rerouted to  d i s -  
In 1972,  the  l i n e  was routed tllrough Building 990 

The aban- 

The area of the or ig ina l  outfrill as  well as 

- 36 - 



bbp 10Adetails so i l  sample results from a recent survey in  the 
These results are only i l lus t ra t ive ,  as actual vicinity of Building 995. 

levels vary with flow rates tImugh the creek bed. 

0 

performed what they were designed to  do, provide residence time and holding 
capacity t o  allow materials t o  s e t t l e  out,.  a?d i n  so  doing have become 
inf i l t ra ted with those materials. It should be noted that the concentra- 
tions' decrease- throughout the system, which is further indication of the 

I-,. .... . 9- 

The B-series holding ponds are located in this area. 
sample results from a l l  holding ponds taken in  1971 by the Radiobiology 
Department of Colorado State University (CSU), are detailed in  bhp 10B. 
The values given are questionable due to the analytical technique employed. 
Values sliown may be high due to the presence of isotopic uranium o r  low 
due t o  inadequate sampling technique. 

Sediment 

effectiveness of the ponds. 
". , ..,I . ,. . .  ' . I  : 

= ,  - * 7 -  _r - z.1- . , ,. . . , . , .  . . 1  I . .  , , . .  ".., ., . , ... .  ... . . . .  . - 
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INFILTRATED AREA DUE TO 
. ,  LONG TERM OPERATIONS. 

1 .  

OR IGINAL PR0:CCESS WASTE OUTFALL. 
LINE IS STILL! IN PLACE, CAPPED ... 
POTENT I AL INFILTRATION CONS ID E R ED 
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Trenches "-2 thrwgh T-8 11954-1968) 0 
The trenches were disposal s i t e s  for  approximately 100,000 kg 

of sanitary sewage sludge and about 275 flattened empty drum contaminated 
with uranium. Earlier pits involve mostly uraniun with an increasing plu- 
tonium fraction in l a te r  p i t s .  
T-4 also contains some uranium-plutonium inf i l t ra ted asp'mlt planking 
from the 207 ponds. 
and 150 mCi. 

Activity rangcs from 800 t o  8,000 clpm/g. 

Est imated to ta l  alpha radioactivity is  between 100 

I Asphalt Disposal Area (1969) 

I: 
. -. 

. , Appro~~te~y ;~32O, , fons . -o f~p lu ton i~ - in f i l t r a . t i ed ; a spha l~ .  ~a.r@r.soj!~,.'~. ,:q,';7:.-.-' 
I . 3-  ,.,. 7 7 :  .;.:> ,:* ._., . I . -  : ,.:-.:.;j:; 

-. -.--..._. -----,\I i . .,-r',* . ~ , - . .  
I -  

(from the Building 776 fire, Ehy 1969) buried under 1 t o  2 feet  f i l l  d i r t .  
Less than 1 mCi plutonium i's estimated t o  be dispersed i n  approximately 
250 cubic yards of material with an estimated alpha act ivi ty  of about 

.. 1 . '  . ,  . .  _ .  ....-+. '< .  . . - c  ... . . . - -- , -c . ,.'I ~. 
Soil Burial (1972) 

Approximately 60 cubic yards of plutonium-infiltrated s o i l  from 
the Building 774 waste storage-tank area, now covered with about 3 fee t  of 
f i l l  d i r t .  
This s o i l  was placed on top of the asphalt disposal area and covered with 
approximately 3 feet  of f i l l  d i r t .  

Estimated ac t iv i ty  less than 250 dpm/g (total  long-lived alpha). 

,I . , , '  . l l l , . < C  . .  ~ , . . . , i c a , .  :... .- . . ... . - . . . . , I .  . . . . , . .__  " * . .  . .  -. . , . . . , 

. .... - - . . - __ . , . 
. -1ncinerator.Ash'Pi.ts 1-1 through 1-4 (1952-1968)-' .'-. . .- . - 

Estjmated 100 grams depleted uranium burned with general combus- 
t i b l e  waste over 16-year period. Ashes buried i n  trenches. 
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bkp 11 (Burial Si tes  - Except the 903 Area) 

Locations where radioactive materials o r  chemicals have been 
deliberately buried o r  contained are detailed on Map 11. 
tions of each burial  si te,  except the 903 Area hhich is discussed separately, 
are as follows: 

Detailed descrip- 

O i l  Burning P i t  No. 1 

Ten drums of o i l  containing depleted uranium were burned i n  
August1956 and the residue covered with backf i l l .  

A t o t a l  of 1,082 drums of o i l  containing uranium were burned. 
The residues and some flattened drums were covered with backfi l l .  

0 

1 ,  , 

. .. 
A t o t a l  of 1,405 drums of o i l  and sol id  waste were buried. 

Ebstly depleted uranium with some enridied uranium and suspected low-level 
plutonium i n  this area. 
achieved i n  blay 1970 w i t h  no plutonium detected. A proposal t o  construct 
a new holding pond i n  this area resulted i n  sampling the s o i l  i n  the vicini ty  
of the excavated mound. 

influence from the mund o r  o i l  disposal p i t  (No. 2). 

Complete re t r ieva l  and o f f - s i t e  disposal were 

Results ranged f r o m  0.8 t o  112.5 dpm/g and are  
I I C  I , thought t o  be due . to. . in€il tration from the 903 Area rather than .to an ' e  

, r .  

- - ^ - _ -  _ _  I 

Trench T-1 (1954-1962) 

Approximately 25,000 kg of depleted uranium chips i n  125 drums 
were deposited i n  this trench and covered w i t h  about 2 f e e t  of f i l l  d i r t .  
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. .  
. . . .  

Original Sanitary Landfill '(1952-1968] 

An.estimatcd 20 kg depleted uranium ash is buried along with 
nom1 plant waste, including mall quantit ies of vcirious chemicals. 
20 kg of depleted uranium resulted when 60 kg was inadvertently burned 
and only 40 kg was recovered. 

The 

O i l  Disposal P i t  (1958) 

Approximately 30 to  50 drums of o i l  sludge from a storage tank 
cleanout were emptied into a p i t ,  which was then backfilled. 
ac t iv i ty  involved. 

No radio- 

. . . . . . .  j.. . 
. .  . . . . . .  . . .  . . ' . I : -  ...- . .  . , .  , 

. .  . . . . . . . .  
' ' I '  -- '  . . .-  ,..... - % . . : ' ? '  't b 

... ~ ..... .- 1 . .  . . ---. . , .  

,Sanitary Landfill' (Started'iri 1968) 

From August 1968 t o  February 1970, approximately 1,000 kg of - 

sani tary sewage sludge c800 to 8,OGO dpm/g) were buried i n  the landf i l l .  
@s tha ted  t o t a l  of 1 to 1.5 rrGi  alpha radioactivity buried with sludge.) 
Estimated annual (Ibw/contractor) waste is 9,000,000 pounds. Materials 
w i t h  less than minimum detectable radioact iviQ levels (500 dpm/60 square 
centimeters direct  o r  50 dpdsquare foot smear) a r e  accepted for  burial .  
Recent surveys have also disclosed other radioisotopes (e.g., tritium) i n  
small quanti t i e s .  

Lithium Destruction Areas (1956-1970) 
R -  , , . .  

. .  . . . . . .  . . . . .  

_-  .. I 

Approximately 400 to'-'500 pounds of  metallic lithium'*weE destroyed 
. - and the residGesL- primarily non- toxic l i thium carbonate, buried. Smaller - 

quantit ies of other reactive metals (sodium, calcium, and magnesium) and 
some solvent type chemical compounds were also destroyed i n  this location. 

0. 
- 43 - 



Scran Netal Disnosal fAnDmxir.mtelv 1958) 

Scrap metal components, m s t l y  from original construction, were 
buried in this area. Although no detectable radioactive o r  chemical mate- 
r i a l s  were observed, some pieces were recovered from process areas and low 
level radioactivity of a small percentage of the scrap i s  possible. 

Cooli no Tower Blovdown Retention Ponds -2 

These are  small ponds which were used t o  contain water from cooling 
towers. Hexavalent chromium is present. 
also destroyed in the two eastern-most ponds. 

Sone small quantity of lithium was 
These ponds were covered with 

.... 1... . .  - ,, .-n 

. . .  _.?. 

..... R ........ . . . . . . . . . .  -i I.>> ...... .'>.., . . . .  -. 
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1 .  ... . . 

O F F I C I A L  USE ONLY 

bbn 1 2  1903 Storaee Areal 

M s t  of this area is  now covered w i t h  an asphalt pad. It is 
< the primary source of both on and o f f - s i t e  .plutonium. From 1958 through 

1967, approximately 5,240 d m  of o i l  containing radioactivity were 
stored in  this location. Of these drums, about 3,570 contained plutonium. 
The leakage of this material via  corroded drums resulted i n  the concentra- 
t ions  described here. 

'of the approximately 85 grams of plutonium originally deposited 
at  the s i t e ,  an estimated 68 grams remain dispersed over an area of 
98,000 square feet ,  which was covered with asphalt and f i l l  material i n  

.. . . ' -  ,.,. . .  
L .  ' : &  . . . I - .  *;; . .- ~ ,. 

. . .  . 

. .. < 
. . L. .V  . . .  . 1 .  

'. ' .' - r.NOved1er:;l969: ': ' :. :,. I .' . ' .  

lhring the removal of +he corroded dnuns and the subsequent 
covering operations, sane radioactive material was resuspended and dis-  
tributed by wind action to the east  of the present pad area. Transport 
by runoff of ra in  and snow melt was also observed. Tlie to ta l  quantity 
of 239Pu dispersed in s o i l  other than t h a t  covered by the pad is  estimated 
to be less than 16 grams spread over a to t a l  area of over 2,000 *acres. 
Inside the RocLc Flats boundary, about 672 acres contAin nearly half the 
estimated plutonium. 
public and private property. 

The remainder is spread over about 1,400 acres of 

In conjunction wjth the radioactive inf i l t ra t ions noted in the 

The values indicated and contoured on 
. 'original survey, further work has confinned additional '.'hot spots" south % . 

of the actual pad area @hp 12A). 
this m p  were determined by FIDLER survey, and extrapolated from the 
detection of radiations emitted from americium. 
area has been estimated t o  be 7 grams as determined by a rough mechanical 
interpretation of the preliminary data. 

Total plutonium in  this 

The area has also been extensively used as a chemical destruction 
and disposal area. 
unlnown, but considerable quantities of metals such as l i thium, calcium, and 

Type and quantities of materials disposed here are 
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magnesium are known t o  have been destroyed in  the area since 1966. 
chemical inf i l t ra t ion of the s o i l  is a certainty, but no environ~ental  
detriment has been noted. 

Thus 

. I .  

. .. , 

I - i,.' . 1 - .C.  1 1 1 1  I , , ?:e'.. ,. , .. 

, *.. : .  ..., * , w . - >  . . _  .-. - -  ... - .  _,. , . ._.. . .  .. . . . .  . . - . . . .-. . - . .- - _ . " . .  . ,. . .,. 1.I _ .  ...,.a z ,  .- .... . I. . I - ... , 

. .  . . .  

- 47 - 



c 
C 

a . u  
C 
C 
1 

. ..' .". . . .. 

..  
C 
C 
C 
0 
0 
u 

C 
C 
!L 
iu 
W 

P 
~ MAP 12. 

.. . . .  



> I  

-,- I 

', , 
i 



0 Map 13 (Roadways) 

Incidents involving radioactive inf i l t ra t ion  of roadways have 
been noted. 
Buil.ding 776 was mved t o  the Storage Area near Building 663. 
leakage from that box affected a s t r i p  of asphalt about 18 inches wide 
which was removed from the roadway. 
(at Seventh and Central) unti l  removal could be effected. 
tration resulted from that storage. 
sit from the 903 Area to Building 774 resulted in  approximately 140,000 dpm/ 
100 an2 on the west bound lane of Central Avenue to  and along Sixth Avenue. 
The entire affected roadway was seal-coated. 

In May 1965, a box containing radioactive wasteJrom 
Intermittent 

The box was stored on plastic sheeting 
No known i n f i l -  

In m e  1968, a leaking drum in  tran- 

Some low-level material was 
.. 

side,,:.of:. Cencrak Aven$e*.I.:.: $In.'3gguss. tT9TO ;I; =- ::; r P. . .. , 5 ' 7  L ' .-I;, as . --. . . .?-.". .._ . 

one section of the roadway between Eighth and Tenth Streets was removed 
m d  placed in the previously described asphalt dump. 

. 
_- 

5 \  
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Map 14 {Process Waste Lines) 

k p  14 details the process waste system a t  Rocky Flats, tankage, 

and possible major materials present i n  those tanks. 

ltn an effort to  reduce corrosion, original process waste l ines 
had a saran-lined inner pipe enclosed i n  a protective clay t i l e  pipe, 
saran l ining was very susceptible t o  leaks-ge. 
by 1956 most of the original pipe had been replaced with stainless s teel .  
To date, a l l  but about 600 fee t  of this line has been replaced. 
maining section was thoroughly tested i n  1971 and was not leaking. 

This 
Leaks were noted i n  1952 and 

The re-  

.. , . 
CtJ.5.  .. ive. :leak=:teS -..r:?, 1 

site contractor. 
several minor leaks, mostly i n  low-pressure (essentially gravity-flow) l ines.  
R e p a i r s  were started . .  immediately. 'Attempts were made to repair the higher 
pressure leaks in place. 
was installed. 
f lowl ine  is t o  be expected since this type l ine  is not designed to operate 
under pressure. 
no leakage observed. 

This leak test was conducted under pressure and disclosed 

When these attempts failed, an alternate l ine  
The low leak-rate detected around joints i n  the gravity 

:'.\ .. ... i-.. II ,, - .  : . .. , -.: *,i ., , . . . .* . . . . .  . 

Lines have been observed under operational pressures and 

With the exception of Building 559 and between Buildings 776 and 
774 as noted below, no radioactive inf i l t ra t ion  has been detected outside 
the l h e s  even in the vicinity of the leaks, but some chemical in f i l t ra t ion ,  

"areas-of concern" on Map 14A primarily i n  the interests of conservatism. 
As pipelines have been replaced, so i l s  and liquids have been monitored 
and, w i t h  the noted exceptions, have not resulted i n  detectable concentra- 
tions. However, extremely low-level radioactive and chemical in f i l t ra t ion  
must be presumed. 

pa r tku la r ly  .nitrated solutions, I is probable. . These areas are,. noted a$ .. , 
, I  , s  - .  I F .  I ? . - $  , , > I . " , .  . "_ - - 

Process waste l ines between Buildings 776-777, 779, and 774 and 
between Buildings 771 and 774 have broken and leaked several times. Valve 
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leakage has occurred in the valve p i t  near waste storage tank 207. 
noted incidents I in this area have resulted i n  clean up (soil  rcmoval) , 
residual i n f i l t r a t ion  is a surety. 
777 and 779 Complex to  Building 774 should be considered an area of concern 
as shown on Nap 14B. 

Although 

Thus the en t i re  area from Buildings 776- 

.a 
0 

t 

Building 559, a Service Laboratory Faci l i ty  conunissioned i n  1968, 
was originally bu i l t  with Fyrex@glass waste l ines .  Less than one year 
later, a break was discovered in the l i ne  from the building to  the pump 
house. 
radioactive waste as a result of the leakage. 
buried beneath Building 559. In 1972, the south half of this two section 

Vertical core sections taken under the building confirm some in f i l t r a t ion  
direct ly  under the pipeline (approximately 250 dpm/g) . 
taken outside the building, however, did not detect measurable quant i t ies ,  
indicating that any i n f i l t r a t i o n  is  contained beneath the building proper. 

Several hundred square f ee t  of i n f i l t r a t ed  s o i l  was removed as 
This same type of l ine  is  

. ,  *-.- 1 - * . -  pc<.bs&s *,aa3':~ij,&&l(g;* ~ ;;; . . .. 

Core samples 

. .  . . . . .  . .  + . 

_ _ . &  

The remaining waste l ines  in Building 559 were s ta t ic - leak  tested . .__ . . _ I  - 2 ,  I .. ,. . ! .. > . '. 1 .. *,".?:% L. ;. . . ._ ~. i --.. _* J - , r . ' .  .. . I  . I . 4 i i . :_ , i  rxwlCU,.? *.. 

following the bypass ins ta l la t ion .  
t e s t  to prevent recurrence. 

Current plans call fo r  yearly static-. 

Abandoned process waste l ines  under Building 707 (removed), 
under the new F i l t e r  Plenum fo r  Building 779 (removed), and at  the original 
ou t fa l l  near Building 990 [still i n  place) as well as smaller sections 

sidered 'as sources for fur ther  contributions, some s o i l  .has been in f i l t r a t ed  
i n  the immediate v ic in i ty  of the l ines  or original locations. 

:- _. =. ,,..<..,. . _  - , , > . , . , ,  . ..-elsewhere- (i?e <$,. west oC !.Building 771). should be noted-. .. - Al,tl.lqugh not con- - .  
. _. . 
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Xap l S  (Other Areas) II. 
In addition to the noted areas, some potential for  minor chemical 

This potential  is, in most cases, extremely s l igh t ,  particularly 

-- - 
in f i l t ra t ion  exis ts  in the vicini ty  of various storaze and holding tanks 

(Map 15). 
i n  those locations where tanks are diked. 
installed, minor spills have occurred and have been discussed in  conjunction 
with the sectional maps. 

In the past, before diking was 

.. - Map 15A shows the approximate location where empty bottles of 
nickel carbonyl were buried after the nickel carbonyl was destroyed. 
gas was destroyed by burning (during the 1957 f i r e  in Building 771 o r  

. . . . . . . . .  .when~~re~~-fos.! . :discard) . . . . .  .. .Axplosive: charges :.were. us e&. o destructim 
vent the cylinders and ignite any residual gas. 
o r  affective residues were generated during these operations or as a 
result of the burials. 

The 
' 

I .  L. ,,* ..iLh.i i.".. *-+-i'i'i . ..I . &*. ..... . .: . . .  . ,  ,.. I.**. .,..-- +..-, . . . . . . . .  ::- ,: ., :<, 

No known inf i l t ra t ion  

. .  . 

, . . . . . .  . j  .. ,,.. .,- ' L .  ..-, ... I . . c '  I: . . ., . . . .  ~ I .  . I .  ' , : 1 i  . - . . - . .  ._ -- . , - _ - .  <*..- ,... ' 7  - . I '  

- 57 - I 



1 
i 
i - 
! 

! 

U-375Od- 
I 
! , 

i 
T 

I 
I 

. . .  

i 

NO. 2 Fuel Oil Tanks 
.. 

Building .: Cap. (Gal.)' !, - 
99 1 5000 . :  

I "  

865 2000 i ;  

881A 750 i 

77 1 2000 ! ,  1 

883 500 ' i  
88 1 1800 , ' ;  
779 500 
77642) 1000 (Ea.), 1 
707 4000 : :i  

559 1034 
1500 , I .  f 443 

Building No, Tanks Cap. Each (Gal.) 

881 3 18,000, :I 
77 1 3 14,000.- ' j  
443 4 18.000 

0 Gasoline Tanka. . f  

111 1 56OZ i 
'For Simplicity, Locations of These ,Tanks 

. .  331 6000 ! :  . *  

A No. 8 Fuel Oil Tanks. ; :! 
. _ >  

33 1 1 10,000 , 

r 

PROCESS-SUPPLY TA 

ontents = 30 drums 

STORED IN DRUM QUANTITIES. 
Maximum of 3 - 1200 pound HF Tanks, 

2 - 10,000 gal. tanks, ;inswtable, diked. 
Acid trucked to user locations. 

I 1 r : '  
-- -. ___ --.. 

E-18000 E-19.000 
5 
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Vie word '%ontaminated" has become common to the vocabulary of 
groups and individuals involved o r  interested in  enviromiental sciences 
and affairs.  
however, there is no realistic or  practical  definition of ''contaminated.'' 
Nebs te r  's Xew Collegiate Dictionary [copyrighted 1969) defines "contaniinate" 
as: 

This i s  particularly true with regard to  nuclear energy; 

"1. 
2 .  
o r  undesirable elements . I 1  

To so i l ,  s ta in ,  o r  infect by contact o r  association. 
To make u n f i t  fo r  use by introduction of unwholesome 

~ ~ , ~ ~ : , ~ ~ ~ ~ ~ = . ~ ~ ~ ~ . ~ , ~ ~ ~ , , , ' , -  '!& . .  . ,,..' .., . , ... *:. . . i . , L .  <; L. 
,.. , ,..., ' . :  :A:.. ,.+ . ,.. 1 , . . . . .  .. -.. .. zii..;... .: .... . , I , . .  ., s:*f.a -, ., ..,. : ..IU 

c . . . . ', . . . I .  . , * . _ i i r .  

U. S. Department of Health, Education, and ifelfare Radiological Health 
Hnndhd:  <revised edition January 1970) defines "radioactive conta~nination" 
as: 

'%position of radioactive material' in any place where it 
is not desired, particularly where its presence may be 
hannful. 
procedure or i n  actually being a source of danger to 
personnel . I '  

The harm may be in  v i t i a t ing  an experiment o r  a ' 

A more appropriate definition would be to  re late  contamination 
levels t o  the intended use or application of the material, area, etc.  

made an attempt - in this direction defining l%ontaminate" as follows : 
. = I .< 2 i -  1 I " - >  Ea~l,ier_.editjons~-~f_1\TebSter1s New Collegiate ,Dicti,onar)r,..(copyrighted, 1961).. , . . +.. . . , 

"1. 
2. 
specified use, as by the introduction of bacteria, sewage, 
etc." 

To s o i l ,  stain, or corrupt by contact; to pollute. 
To render (water otherwise satisfactory) unfi t  for  a 
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._ :-.<. C I  :.. i- .. . I .  ,.,. .. . s 

It is obvious that even this definition is inadequate and it 
becomes understandable why most people use "contaminated" in an apprehen- 
sive m e r  d t o  achieve or express a .state of concern. 

0.w society has established and accepted a system which makes it 
possible to live with "contaminated." The system consists of groups of 
recognized experts who examine factual and theoretical data to establish 
and reconmend concentration limits or guide values which are not exFected 
to result in irreparable damage or insult to man or his environment. These 
groups of experts have been assigned names such as International Conunission 
on Radiological Protection CICRP), National Council on Radiation Protection 
@JCRP), Federal Radiation Council (FRC) , Council on Environmental Wality, 

mended by these groups are challenged by other individuals and group 
;but the system and concentration philosophy are generally accepted. 

, .. 2 _. . ." ..e,. I . ,... . ... _. .:;.~.-.o~ers'.~,,". . , _. It, - O1.- . -y . '  -Is*,::,ttr;uey&t: .' ' ... the ::cofice<tration .l-sits. .d= a@ide:,-vaii<&i ,::k&=~ .-!: <;L !; i ;..;. .' . 'm 

.. 

The U. S. A t d c  Energy Cmission has incorporated recommendations 
of these groups into AEC b h m a l  Chapters 0510, "Prevention, Control, and 
Abatement of Air and Water Pollution," ard 0524, "Standards for Radiation 
Protection." Concentration values have been recammended and accepted for 
air and water. 
resuspension and other physical and chemical properties, no recommendations 
or concentration values exist for soil. 

However, due to wide variations in many factors related to 

The fact that recommendations or values do not exist for soil 
I _ _ . "  I . -- 5 ' ' .  . does -not mean..that- no.-ezforts-.have -been made to establish .values .or. .that ,, , . - 

values have-not been-established and actually used for specific circum- 
stances. One of the most widely accepted and recent (1968) discussions 
of radioactivity concentration guides for plutonium in soil was presented 
by R. L. Kathren, Battelle Northwest, Richland, Washington, entitled 'Towards 
Interim Acceptable Surface Contamination Levels for Environmental Pu02 ," 
BNNL-SA-1510, which is attached as Appendix A. 

Laboratory has been cmissioned by the Division of Operational Safety of 
Los Alamos Scientific 

L. h 



the U. S. Atomic Energy Commission t o  provide an interim or  provisional 
standard €or plutonium in so i l .  J. W. Healy is presently preparing a 
report ent i t led "A Proposed Interim Standard for Plutonium in  Soils." 
A review of the d ra f t  and discussions with Mr. Healy indicate no signif-  
icant differences or variations from the information and conclusions 
presented by MI-. b th ren .  

Since mn does not consume s o i l ,  the hazard t o  man from "con- 
taminated" so i l  must cane from resuspension of the material into the a i r  
which man inhales, transfer of the material ,into water which man drinks, 
uptake of the material by plants or animals which man eats ,  absorption of 
the material through man's skin, o r  introductbn through the broken skin 

radioactive materials which emit beta particles,  x-rays, or gamma rays 
which penetrate man's skin in excess of the amounts s e t  for th  i n  AEC Planual 
Chapter 0524; however, with the exception of radiographic sources, these 
types of radioactive materials are not handled a t  Rocky Flats. 

v...-v,,,,,c, . .. 
- 3 .  ~ ., . ~ , .  ,, ,: . .,.of mi. . .,~iadd.if.i6iial,:.haz8rd. !hay- resb1.t when s o i l  is  f'cont-inafe~.l~', !iji.th.?'. .:2 ';* !:-ii::: . . .. .. ~ - 

With the preceding paragraph i n  mind, it is possible to  recommend . . . ,  ,,. . I .  . . 1 .  . .  I .  

.t 
' 

a definit ion of' 'l&nt'aminated'' s o i l  in tern of r isk o r  hazard as related" 
t o  a i r  and water concentration values. It must be stressed that the fol-  

. .  

lowing recmended definition i s  not an attempt to h p l y  that  areas of 
potential concern do not exis t  on the Rocky Flats P lan t  s i t e  but is  one 
which has been used and should continue i n  use un t i l  such time that one 
of the off ic ia l  groups of experts recommends concentration values for so i l  

into the AEC Mmual, - 
.*__ .,...._ . _ _  .+ ,a. and the U. ..S,.. Atomic. Energy Conmission incorporates the recommendations 

Contaminated s o i l  w i l l  be deemed to  exis t  whenever monitoring 
of a i r ' o r  water indicates concentration vzlues in  excess of 
the values s e t  for th  in the AEC Manual. 

For those materials which are  not included in the AEC P h m a l ,  
the values set for th  by other off ic ia l ly  recognized agencies 



-- . 

w i l l  be used. When two or more concentration values for t he  

same material are specified by different agencies, the most 
res t r ic t ive value w i l l  apply. 

Note 

By specifying monitoring of a i r  or  water this definition 
excludes the plutonium in s o i l  concentration value of 
2.0 disintegrations per minute per gram of d ry  s o i l  or  
square centimeter of surface area wllich was adopted by 
the Colorado State Board of Health on Wrch 21 ,  1973, as 
the level above which ut i l izat ion of special techniques 

. .  

. , .  . . , I  L . .  of construction are .required.. 2. . ...... :. I . - . / .  . . . . . .  . -,. ' . , Ilr .- I. - . , 
i * .  . .  . , .  . . . . . .  . . .  . .  ' '  I . .  

This definition is generally accepted aiid used for  most materials 
and w i l l  be used i n  the preparation of recommendations regarding actions, 
cost estimates, and schedules related t o  chemical 'kontamination." However, 
it. is recognized that consideration must also be given t o  possible decom- 
missioning of the p l a n t  and social, pol i t ical ,  psychological, or  other 
factors when" dealing with the subject of radioactive "contimination" in  
so i l .  
the following ranges of plutonium in  s o i l :  

. ' 

Therefore, the recmendations w i l l  also include consideration of 

. . .  -. . . .  . I ,  . . . . . .  . .  . r . < .  -. - ..- 
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Case 

I 

- 

I1 

I11 

V I  

I .  

, *  

Not 
A. 
B. 

C. 

'. .. , 

Greater Than 

UCi/m2 mCi/km2 d/m/lOO an2 

limited by concentration considerations. 
903 and nearby area 
Projections of area affected by 903 Area [Based on 
Computer Derived Contours) 
Burial S i t e s  

0.01 10  220 2 

0.04 40 880 9 

2.0 2,000 44,000 440 

4.0 4,000 88,000 880 

*:Assumes a s o i l  density of 1 gram per cubic centimeter and a s o i l  sample 

. .  depth of 1 centimeter. 

Note 

Cases I1 through VI1 are based on projections of actual sample 
results using the Austin Grid. 

A detailed discussion of each of the above cases is as follows: 

Case I - Not limited by concentration considerations 

A. 903 and Nearby Area @laps 1 2  and 12A) 

The 146,000 square f e e t  under the asphalt pad and approx- 
imately 223,000 square f ee t  of nearby area primzrily eas t  

- 64 - 
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of the asphalt pad require special consideration. 
Ten inches of f i l l  d i r t  w a s  applied to the 903 Area 
prior to  instal la t ion of the asphalt pad and the 
nearby area was la te r  covered with 4 inches of f i l l  
m. There are a lso small  areas under the asphalt 
pad where containment operations prior to covering 
the area with f i l l  d i r t  involved covering the area 
with a s  much as 16 inches of d i r t .  I t  is assumed 
that evcavation of this 369,000 square foot area 
wwdd not involve the asphalt pad but would involve 
a l l  of the f i l l  d i r t  as well as the original s o i l .  

The nearby1 area t o  the southeast of the aThalt .  pad 
involves approximately120,OOO square feet  but there 
is no f i l l  d i r t  in this area. This area does include 

- .  3 -  , - F .  ' 

_. . ...,. I P . ! .  " 3...L3 . . ~ > ,...,, ' . ' 
. ..-. 

. .  

the l i thium destruction areas which i f  excavation 
were carried out should be included i n  the operation. 

Based on these facts and assumptions, it is estimated 
that excavation of the lithium destruction area d d  
the ent i re  remaining area t o  a depth of 3 inches below 
the original surface would involve a to t a l  of 
500,000 cubic feet .  

1. , 1 *, , , -  0 .  

Be Frojections of Area Affected by 903 Area (Based on 

Computer derived contours of plutonium contributions 
f r o m  the 903 Area a re  presented i n  Map 16. 
AEC prescribed pCi/m2.) These contours are based on 
the evaluation of over 300 so i l  sample analyses as of 
April 1972, assuming a s o i l  density of 1 gram per 

(Units are 

cubic centimeter. 
of analytical values frcan a variety of agencies and 

This assumption plus the combining 

- - 



. individuals and the error of assuming large area involvenient 
based on diverse sample resul ts ,  limits the applicability of 
these contours to  an illustraTive, generalized area only. 
A more rea l i s t ic  evaluation of the nature of the material 
spread can be obtained by observing actual sample locations 
and results. @laps 16A and 16B). 

The projections are based on the units employed i n  generating 
the isopleths (i.e.,  0.01, O.OS., 0.50, .and greater than 
2.0 l.iCi/m2) and assuming excavation t o  3 inches below the 
original surface plus consideration of the special condi- 
tions discussed concerning the 903 and nearby area. 

1. 

....... . . . .  . .  . . . .  ... , , .. ,. ! -..:., . . . . . . . . . . . . .  . .  . .  . ... . ,. .̂.'A ..,, .!.. .i .- ! ' .  . -*., ..,. '. 4 . .:,. 7 . * .,-.*-:*\- * 'F,. I ,  , . . . . . .  ...... 

. . .  .... . . .  . . . . . .  . . . . . . . . .  . . . . .  . .  i r .  .. 2 . I I ' . ' '  L. . . r  

, . . I , . '  

. ._ . 
-.. 

Tota l  excavation, estimated to ta l  area = 182 x l o 6  square 
feet ( 4,197 acres), volume = 46 x l o 6  cubic feet .  
(Case I,  Map I) 

." 2. Excavation of a l l  s o i l  greater than 0 . 0 1 " t C i / m 2 .  
Approximate Area = 84.9 x, lo6 square fee t ,  volume = 

21.5 x l o 6  cubic feet .  
...... .....,.. . * , , , . I  A ' .  -..,-?.,., , , , . " . A d  . . I_. .  . . . .  .: . , , A  ".. . , . %  . , . i - 5 .  ..t..iY*-.-i.T:..tl.. ..,, ' r , i L - I ^ Y , - I l ' - " , , . a r s , :  <.l ........... (..i. .. I., . 7.. (I ..,.I. r . . - ' . : * - z L ,  

(Case I, Map 11) 

3. Excavation of a l l  s o i l  greater than 0.05 pCi/m2,  

Approximate Area = 33.2 x l o 6  square f ee t ,  volume = 

8.7 x l o 6  cubic feet .  (Case I, Map 111) 

....................... .. .YIF.4. . Excavation of..all %soi l  greater .than .o..s. UCi/m?,  . - . - . 1  < 

I 4.0 x l o 6  cubic feet .  (Case I, Map 1 9  

--- .-.-I- - _- - ~ - .- -- - .- --- .- - - - .  . . I - .- 
- -  

- Approximate Area = 14.5 x l o 6  square f ee t ,  volume = 

5. . Excavation of a l l  Soi l  greater than 2 pci/m2, Approx- 
imate Area = 3.1 x l o 6  square f ee t ,  Approximate 
volume = 1;2 x l o 6  cubic feet. (Case I, Map 9 
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No r e a l  evaluati.on of thc potent ja l  hipact of the 903  arc:.^ 

is possible without reference t o  possible 1ica.lrh and. sa fe ty  
involvemcnt of the material. 
plutonium i n  s o i l  currently e x i s t ,  considcr:il)'ic. work has 

been done i n  t h i s  area.  3fap 1 7  dctaiis co;;ii~iitc.r-dcri\c~l 
plutonium i n  s o i l  contours based on interim acceptablc 
levels  proposed by R.  L .  Kathren i n  1968 (scc s%ymidis A ) .  

These contours a r e  presented for  reference 01.1.l.y and a re  
subject t o  the sme l in i t a t ions  previ.ous1.y ciiscussccl. 

do, however, p o i n t  out one approach to  evaluation of the 
possible r i s k  vihich t h i s  area represents. 

,iuthough no s t : i i ~ . i n ~ i s  fi;r 

Thcy 

. . . .  . . .  . . . . . . . . . . . .  ... . . . .  " . . . . .  .. t *i . :As!'a1':further . .  ir;dicafioF;e.of _. .. -tjie; p i - o ~ l ~ ~ m s ~ ~ ~ ~ i ~ r o l v c i i  - ..?2 : with:;;, -:I: . , I. ' -  

identifying an area as "contaminated", >lap 18 indicates 
soiiie of the values fo r  plutoniun in s o i l  found throughout 
the S ta t e  of Colorado. ~ Once again the probI.em of ccniparing 

........ . . . .  .,.:%!&:,. , ' 

r e su l t s  obtained by d i f fe ren t  agencies using d i f fe ren t  
ccmpling techniques and' c a l j . t i c a l  methods confuses the 

*% . - ,$ ,.*......d:[< :<:.<.--,. ' -. . .,,, >;,.2.*>~.7i*,%&.~ . .' 

~ 

C .  Wlrial S i t e s  (Case I ,  bhp VI) 

Excavation of locations,  other than the 903 Area, where 
materials have been intent ional ly  buried, contained, o r  
where release of l iquid eff luents  which contained radio- 

_.L1l__ j l z I . . .  _.r ., ..... ,. ,$. . .- .. -. .l..UI ._,.acti\ri.ty,,.in,.concent~~tions .less.-..than the establ.ished,. guide ..I__,zi - ,-.-; ... ., ....... - - - .._". - . . - . -  . _.-.-^I- .. -... . . ._.._I - . . ...- - . ....... 
I.. 

-. . .  - .- . .  . .  . . . . .  _._- . .-value. but. resulted i n -  t h e .  radioact ivi ty  accunulating i n  ' - . ........ ... 

the s o i l  would involve the following estimat-ed vo1~i;iies : 

1. O i l  Burning P i t  81 

This area i s  now located under Building 335 and involves 
approximately 70 cubic f e e t  of depleted uraniun residue. 



No real  evaluation of the potential impact of the 903 Area 
is possible without reference t o  possible health and safcty, 
involvement of the material. 
plutonium in  so i l  currently exis t ,  considerable work llas 
been done i n  this area. Map 17 detai ls  computer-dcrivcd 
plutonium in s o i l  contours based on interim acceptable 
levels proposed by R. L. Kathren i n  1968 (see Appendix A).  

These contours are presented for  reference only and are 
subject t o  the same limitations previously discussed. 
do, however, point out one approach to  evaluation of the 
possible r i s k  which this area represents. 

Although no standards fo r  

They 

identifying an area as  "contaminated1', Map 18 indicates 
some of the values for plutonium in s o i l  found throughout 
the State of Colorado. 
results obtained by different agencies using different 
Chpling techniques and analytical methods co&ses the 

Once again the problem of comparing 

. j  : -\ ' 

C. Burial Sites (Case I,  bhp V I )  

Excavation of locations, other than the 903 Area, where 
materials have been intentionally buried, contained, or  
where release of liquid effluents which contained radio- 

... ,.* _. . .- . ... -. .. . . I activity, I in  concentrations less  than,the.. es-tablished , _ p i d e  . 

. .. . . -. . value- but resulted ih the radio,activity. accumulat.ing in' - .. .. - 
. .. ~, . .  . - .  .. . . .  .- - .. .. . 

the so i l  would involve the following estimated volumes: 

1. . O i l  Burning P i t  #1 

This area i s  now located under Building 335 and involves 
approximately 70 cubic fee t  of depleted uranium residue. 

- - 
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2. O i l  Burning P i t  82 

This area involves approximately 10,000 cubi feet  

DRAFT 

f 
residue which resulted from the burning of o i l  contain- 
ing uranium. 

3,  Trench T-1 
\ 

The estimated dimensions of this trench are  15' wide x 
200' long x 5' deep. The trench contains approximately 
25,000 kg of depleted uranium chips i n  drums covered 
with about two fee t  of f i l l  d i r t .  As,Uming that the 

I top .one foot of f i l l  d i r t  is not. involved; excavation ' 
would result  in 12,000 cubic fee t  of depleted uranium 
residue. 

" .  . 4 l r l  t :  - r 

4. Trenches T-2 through T-8 

Estimated dimensions of these trenches a re  the same as 
T-1 (l5'x20Otx5'). Excavation of these trenches would 
resul t  in approximately 84,000 cubic. feet  consisting. 
primarily of domestic sewage sludge containing small  
quantities of uranium and trace amounts of plutonium, 
a few flattened drums involving uranim, and same asphalt 
planking from the 207 ponds which contains uranium and 

.-.-a,..trace of plutonium; ..',. , * t *  7 .  - -. .-, I. .- . . I . . .. - . . . . .. . ,.. , ,  . - . -  . - . .  .; 7 .L  I .  ,I,-.;zz, ;;- . , , 

5. Asphalt and Soi l  Disposal Area 

This area contains about 8,000 cubic fee t  of asphalt 
and 1,600 cubic fee t  of s o i l  primarily from the areas 
near Buildings 774 and 776. There is  about two feet 
of f i l l  d i r t  between the asphalt and s o i l  wid it is 

P 
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estimated that  excavation would involve a total  of 
about 15,000 cubic f ee t  of material with a very low 
concentration of plutonium. 

6. Incinerator Ash P i t s  1-1 through 1-4 

Est imated  dimensions of these p i t s  are 8' wide x 
150' long x 3' deep. 
the incinerator. A mal1  amount of depleted uranium 
is suspected. 
30,000 cubic fee t  of s o i l  and ashes. 

The p i t s  contain the ashes from 

Excavation would involve approximately 

Estimated volume of this area is  2 x l o 6  cubic feet .  
Excavation would involve this entire volume and about 
20 kg of depleted uranium. 

8. Current Sanitary Landfill 

E s t b t e d  present volume of this  area is 4 x lo6  cubic 
feet .  The area is still i n  use and the volume is ,  
therefore, increasing each day. Excavation would include 
approximately 1,000 kg of domestic sewage sludge contain- 
ing trace amounts of plutonium and a small amount of 

. .  I . tritium f r o m  a source which a t  the present is  unlcnown' *' 

but is the subject of a separate study. 

9, South Walnut Creek 

The area f r o m  the original Building 774 outfal l  east t o  
and including the B series holding ponds has become 
involved due t o  the release of liquid effluents f r o m  
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Buildings 774 and 995. A t  the time of release, 
these effluents were below the established con- 
centration guide values, however, the radioactivity 
has acnrmulated i n  the stream bed and bottoms of 
the ponds. Excavation would involve an estimated 
225,000 cubic fee t  of sludge containing plutonium 
and uranium. 

10. Other Areas 

As previously discussed, excavation of the lithium 
destruction areas is included i n  the 903 Area. 

?id ..... ,-i -:-..i.. ........ l.. i l l -  .. i..l.. ..,.,I Excavation of other nonradioactively -involved .areas 
such as the o i l  sludge disposal south of Building 881 
and nonradioactive scrap west of Building 559 would 
result  in an estimated 2,000 cubic fee t  of material. 

. . . . . . . .  . . . . . . . . . . . . . .  .. -i. 1 . . . . . . . . . . . . . . . . . . . . . . . . .  '. , . . , , ,  . . _  , . ,  

A sumnary of the volume of material involved i n  Case I is 

presented as Table 111. . I  * .  

.. . . . ._ . . . , . . ,  ... - - . .  .. 

. -. 

. '. 

7 6  

. * ...... . . . . . . .  ..._-....,. . . . . . . .  - .  
- .  _ .  . . .  
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TABLE I11 

SLSnaary of Volume to be Excavated - Case I 

Area - 
A. 903 and Nearby Area 

*B. Projections of Areas Affected by 
903 Area, Camputer Derived Contours 

1. Total Excavation 
2. Greater Than 0.01 pCi/m2 

1 .  3, Greater than 0,.05 yCi/in2 - .  

4, Greater ihan 0.5 pCi/m2 ’ 
5, Greater than 2.0 pCi/m2 

Estimated Total 
(2lbic Feet Involved 

500,000 

46.0 x l o 6  
21.5 x l o6  
8.-7 x l o 6  I 

4.0‘x l o 6  
,. I . 1 L  

L .  

. .  : .  

1 . 2  x lo6 

*Includes allowance f o r  special conditions included in (A). 

C. Burial Sites 
, . \ .  . I .  

1. 
2. 

3. 
4. 
5. 

~ 6 ,  
. .  7. 

8 .  

9.  
10. 

I 

. .  

. ’ I. . . . ~ ~ , ~ . . . ~ ~ , ~ . : ~ . , . , ~ , .  . a , .  oii  &&g P i t  
O i l  Burning P i t  #2 
Trench T-1 
Trenches T-2 through T-8 
Asphalt and Soi l  Disposal Area 
Incinerator Ash P i t s  
Original Sanitary Landfil l  , 

Qlrrent. Sanitary Landfil l  - 

South Walnut Creek 

.. . .. . . .  .. , . . ”  . . . ” . . .  
. - -  

Other Areas 

Estimated Total Burial Sites N o t  Including 
(A> 

70 
10,000 
12,000 

15,000 

2-x l o 6  
4 - x  l o 6  

? .  . 

84 , 000 

30,000 

225,000 
2,000 

6.4 x l o 6  
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CASE I -  MAP I. TOTAL EXCAVATION. . ,  
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Cases I1 through V I 1  are  based on results of so i l  samples takev 
a t  various locations and for various reasons on the plant s i t e ,  
primarily within the controlled area. 
plotted on a grid system which w a s  established by the Austin Com- 
pany during the original construction of the Rocky Flats P l a i t .  
Map 19 presents these results plotted on the Austin Grid System. 
It must be stressed that in the interest  of conservatism the 

These results have been 

values presented are the maxirmrm level observed within that 
grid or a t  a particular sample point. 
from less than the minimum detectable amount to  the value pre- 
sented w i t h  as many as six samples i n  some locations and as 

Actual values range 

few as one sample in others. 

The following maps and Table N present the estimated volume 
and area involved for  each case. Allowances have been made to  
exclude space occupied by buildings, t o  reflect .uncertainit ies 
by not excluding ent i re  grids where low resul ts  seem questionable, 

. . . .  ....:, . . . .  , . , . ' . ? ;  '1. .; , .; . . ., I. i' .. i ?I 
. . .  .I . . . . .  .. . . , .  . . . . . .  . . .  . ..... - . . . . . . . . .  ~ .# .......... ...... _ . L . _ . - :  L ..,. - 5  * 

. .  . . : t  ., , . .  
. I I  (.' 

. .  .. - 
, , .  . L . '  

i t  

. .  , ~ - .  and for  the special conditions and considerations discussed i n  . . . . . . . . .  

,_.e. I I . . . . . . . . .  - .  . , : .  .,-.- . . . . . .  . . . .  . , .  
Case I-A. 

. . . . . . . . . .  I.;''- ' 

. . . . . .  r . T L - . .  , - . 
~ . . ^  - -. 1 .  . _  . .  . " . . .  . . . . .  , .- . 0 , -  . . 

. . . - . . .  
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TABLE IV 

Estimated Volume to  Be Excavated - Cases I1 through VI1 
Assuming kmoval to Three Inches Below Original Surface 

Estimated Allowance Estimated Total 
Cubic Feet For Case I -A Cubic Feet 

Involved Cubic Feet Involved 

4.0 x l o 6  0.5 x l o 6  4.5 x l o 6  

1.8 x l o 6  0.5 x l o 6  2.3 x 10' 

' 2.0 x l o 6  . , ,  
. . . . .  . L  . . . . . .  -. . . . . . . . . . . . .  , I ..- 0.5 x l o 6  1.5 x l o 6  , 

. . .  . .. :*:.L.:, : ' r ' <  :; 

. .  - ., . .  

0.6 x l o 6  0.5 x l o 6  1.1 x l o 6  

0.3 x l o 6  0.4 x l o 6  0.7 x l o 6  

0.19 x l o 6  0.4 x l o 6  0.59 x l o 6  

. . . . . .  ........ ..... . . . .  . . . .  .l.%" e.- .,. .:> .. , .." .... ., ..: . . . . . .  . .  . . .  ?- - - .  . . . . .  -. . . . . . . . .  . .  , .?% ,... . I  . - . . 
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UFFIGIAL USE UNLY 

IV. CONCLUSIONS AND RECOWEXDATIONS * 
Lacking an of f ic ia l  definition of "contaminated" mikes it 

impossible to reach sound, logical conclusions o r  to  make recommendations 
supported by data o r  policies in usual sense of these words. 
it is possible and necessary to recognize t h a t  areas of concern i n  terms 

However, 

of both radioactive and chemical in f i l t ra t ion  do exis t  a t  Flats, 
if not i n  terms of r i sk  or  hazard z t  least i n  terms of pol i t ical ,  social, 
o r  psychological factors. The following is ,  therefore, presented for 
consideration by management i n  the prudent planning of future operations 
of the bcky  Flats Plant: 

........ .-... . . . .  . ~ .  1" ., .. con-cl' - ,  .............. L . - ....... I... .. - .  .... .b ... _. . . . . .  1 . .  . b : . :d . . . . .  . ,  , .  . .  
. , . ' , , . * & .  t usion . . : 3. ,, . . + I  : '*::'...".,.\ *,**.,,.. \. +.. i . . . . .  . .  - I  . .  ~. . . .  . . .  . 'I, 

There is no data to  indicate tha t  any material, e i ther  radioactive 
or chehical, i n  its present location and status which represents 
any r i sk  o r  hazard to  man or the environment. 

Discuss ion 

Air and water sample results have a t  various times indicated the 
presence of radioactive materials and chemicals but have historically 
been below the concentration guide values set for th  i n  the AJX Manual. 

me 903 Area is recognized as having the greatest potential for  
exceeding the-guide values and has been under continual surveillance 

State of Colorado, Deparlment of Health, and the U. S. Atomic Energy 
@mission Health and Safety Laboratory have conducted independent 

. . . . .  . I .  ,*. . _- - 
I 
I since 1958 by Rocky Flats Health Physics. rxlring recent years, the 

surveillance act ivi t ies  primarily i n  sampling the a i r  near the area. 
None of the a i r  samples taken outside of the immediate area of the 
asphalt pad have exceeded the concentration guide values. 
located a t  each corner of the asphalt pad have never indicated the 
presence of any ground water. 

Wells 



0 Sampling of air a t  other locations both on and off the plant si te 
has produced similar results.  

Map 20 indicates the location of wells particularly near process 
waste holding tanks. 
f o r  both radioactive materials and chemicals such as plutonium, 
uranium plus plutonium, ni t ra tes ,  and pH. 
n i t ra te  coccentrations i n  the vicinity of the 207 solar evaporation 
ponds, a l l  materials monitored have historically been below the 
concentration guide values. 
trenches north of the 207 ponds plus the previously discussed 
repair of these ponds have controlled the n i t ra te  concentration 

The wells are routinely sampled and analyzed 

With the exception of 

Installation and operation of the 

. .  r n ,  t . h.. . . ,  .. . 
, - .- . , : , . . . . .  I * . .  

.,__ - .._ a: _ , _ .  . _ _  :.iL: of ‘surEace.water torwithin the -c&centration guide values;: 

Completion of the new Process Waste Treatment Facility, Building 374, 
w i l l  eliminate the need to  use the 207 solar evaporation ponds to  
contain and evaporate solutions containing large amounts of ni t ra tes  
and thereby reduce t h i s  source of concern start ing i n  1976. 

2. Conclusion 

The technology required for  proper controlled excavation of any area 
is unhow.. 

Discuss ion 
- ,  - - 2  

Should excavation of any of the areas discussed be undertaken it 
wauld be necessary t o  provide for  the control of airborne materials 
and t o  assure that  a technique was used which accomplished actual 
and complete removal, not merely mixing o r  dilution of the material 
to less than present m i n i n r m  detectable amounts or  which spread the 
material t o  the newly exposed virgin surface. The efficiency or 
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degree of effectiveness required of such provisions and techniques 
would obviously depend upon a decision as to what level of i n f i l -  
t r a t ion  remaining would be acceptable. 

0 
' 

There have been a number of techniques suggested such as separation 
on the basis of density, washing, or  vacuuming, but no data is 
available t o  &en suggest l e t  alone confirm how efficient these 
techniques may be. 

3. Conclusion 

Without a huwn excavation technique o r  process it is not possible 

does have an established and accepted method of determining the cost 
of disposing of solid radioactive wastes but capital equipment costs 
are not included. 

. . . _. .. . ,.*. ..- . I . .  , . .  _ .  I .  , ( . .  .,:+ 1 . .  .. ~ 

:._i -.. I : _ , - L . , ~ ' _  , .. 
. . __: ..  : - . . . -. . , t o ~ . e S t ~ @ f ~ ~ p ~ t - $ l  equipment c6sf-s of aii>' excavation,' !'Rocky Flats'  . ' 

.-. . 
. I  

T Discussion 

Other sites such as W o r d  and the National Reactor Testing Station 
(NRTS) have estimated capital costs involved i n  the proposed exca- 
vation of locations such as the Z-9 trench a t  Hanford o r  the location 
where until  November 1970 Rocky Flats wastes were buried at  NRTS. 
These estimates, $1 million a t  Hanford and about $10 million a t  NRTS, 
are for conditions much different than those areas under consideration 

-,,. 4- - in-this-discussion but they may serve to  define the limits of the . " ' Y  

question. 

AEC Manual Chapter 0511, "Radioactive Waste Management , 11  requires 
that materials hown or suspected t o  contain transuranium nuclides, 
such as plutonium, i n  excess of 10  nCi/g (22,000 dpm/g) must be 
packaged for  retrievable storage. 
a l l  of the excavation material involved i n  th i s  discussion would 

It is reasonable to assume that 
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contain less than 10 nCi of plutonium per gram of so i l  and could, 
therefore, be packaged for  not readily retrievable storage i n  the 
same m e r  that Rocky F la t s  now packages noii-plutonium wastes, 
ni t ra te  sa l t s ,  and domestic sewage sludge for shipment to  NRTS. 

The costs to purchase the packaging materials, warehousing, truck- 
ing on-site, monitoring, inspecting, loading for off-s i te  shipnent, 
and freight to NIYTS for  these types of waste now amount to $6.08/ 
cubic foot i n  a 55-gallon drum and $2.9O/cubic foot i n  a 4'x=4'x7' - 
3 /4 '  plymod box. 
that it would be necessary to  reduce the dimensions of the box to 
4'xZ'x7' which would resul t  in a cost of $5.80/cubic foot,  
both of these figures t o  $6.OO/cubic foot and using the estimated 

0 

h e  to  weight restrictions,  it is  most likely 

Rounding 

. - t , I ,  . "  i ' volumes from Tables I11 and N, estimated disposal costs for each - .  
_ .  

case under discussion not including capital equipment would be as 
folloys : 

. I  . .. r I I I.. . 1 I.. . ": 

. . .  



Estimated Cost of Disposal 
Estimated Total Not Including Capi ta l  - Case Cubic Feet Involved Equipment (Dollars) 

0 
I -A o.s,x 10' 3 x l o6  

'B-1 
B-2 
B-3 
B-4 
B-5 
c-1 
C-2 
c-3 

46-0  x l o6  

8.7 x l o 6  
4.0 x l o6  

21,'s x lo6  

' 1.2 x l o6  
70 

10,000 
12,000 

276 x 10' 
129 x 10' 

52.2 x 10' 
24 x l o6  
7.2 x 10' 
' 420 

60,000 
72,000 

504,000 - . 
,. ; t. ,. . , .  , . . +  

_ . .  _, .  ?., :. 2 ' . . :.,;. : *.,'. . . . _  *;, . - I . : ,  ;... - : .  , ' $ .  ., c-4. . .  , I  , , - , , I  . , r  84,000 ' . . .  . . .  , 

c-5 . -  . '  15,000 90,000 
C-6 
c-7 
C-8 
c-9 
c-10 

30,000 
2.0 x l o6  
4.0 x l o 6  
22s ,000 

2,000 
C-Total . % :  6.4 x l o 6  

I11 2.3 x l o 6  
I1 4.5 x 10' 

Iv 2.0 x 10' 
V 
VI 

1.1 x 10' 
0.7 x l o 6  

180,000 
12  x l o 6  
24 x lo6 

1.35 x lo6  
12,000 

38.4 x 10' 
27 x 10' 

13.8 x 10' 

6.6 x 10' 
1 2  x 10' 

4.2 x l o6  
0.59 x l o6  3.54 x 10' 

. .,. . ...- - . - . , . ..*_ - . - _, . ~ . - - ,  
VI1 

.. . .: .,.. .. --. .-. . . - . - ,. . . .., . . . . . 

. ., . . .. *. . , _ . . . .  - . . . . .  _ .  
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0 ’  4. Conclusion 

Again, without a larown excavation technique or  process, it is not 
possible to accurately estimate the ra te  a t  which any excavation 
of any location can be accomplished. However, there are other hown 
factors  and estimates which can be used t o  define some of the limits. 

Discussion 

-. . .  

Emford’s estimate of the excavation ra te  for  the Z-9 trench is 
7.7 cubic feet per shift. Without further elaboration it can be 
seen that in no way could this ra te  reasonably sat isfy the need 
should the .decision be made t o  excavate any of the areas’ included 
in t h i s  clisarssion. 

A factor  which is more l ikely to be limiting and for  which there is  
experience to  use as  a measure is Rocky Flats ab i l i ty  t o  load and 
ship wastes and the ab i l i ty  of NRTS t o  receive and handle them. 
Current generation rates a t  Rocky Flats have required an average 
of’ 12 sI&ments per month for  the iast s ix  months. 

I I . .  , 

c 
- ,  

These shipments 

”_, . . - -  ........ . , I .  . .  
. .. . 

have averaged 1,400 cubic fee t  per shipment. During the l a s t  six 
months of 1972, RocLy Flats and NRTS demonstrated the ab i l i ty  t o  
handle an average of 22 shipments per month. These sh ipen t s  aver- 
aged about 1,200 cubic fee t  per shipment. Assuming that the shipping 
sate f o r  any excavation would be in  addition to  the current generation 

.and,wuuld,average 1 0  shipments per month and 1,200 cubic feet  per 
shipent (12;OOO-cubic fee t  per month or 144,000 cubic fee t  per year) 
and using the estimated volumes from Tables I11 and IV estimated 
time to  excavate and ship, each case under discussion would be as 
follows : 
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Case 
0 

I - A  
B - 1  
B-2  
B-3 
B-4 
B-5 
c-1 
c- 2 
c - 3  
c -4  *. 
c - 5  
C-6 
c - 7  
C-8 
c- 9 
c-10 

C-Total 
I1 
I11 
rv 
v 
In 
VI1 - 

Estimated Total 
mbic Feet Involved 

... . 0,s x l o 6  I. 

46.0 x l o 6  . 

21.5 x l o 6  
8 .7  x l o 6  
4 . 0  x l o6  
1 . 2  x lo6 

10,000 
12,000 

84,000 . ". 

70 

15,000 
30,000 

4 . 0  x l o 6  
225,000 

6 . 4  x l o 6  

2 .3  x l o 6  

2 .0  x l o 6  

2,000 

4 .5  x l o 6  

2 .0  x l o 6  
1.1 x l o6  
0.7 x lo6  

0.59 x lo6 

Estimated Time 
Required to Excavate 

And Ship 'to NRTS (Years) 

3 .s 
319.4 
149.3 
60.4 
27.8 
8 . 3  

0.1 
0 . 1  

- 0 . 6  
. .  

0.1 
0 . 2  

13 .9  
27.8 

1 . 6  

- 44.4 
31.2 
16 .O 
13.9  

7 .6  
4 .9  
4 . 1  

. .  . .  . 
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. 1  

.- ... . .  . ..1 

. .  

' a  

. .  . 
. .  

slnce tSe r a d i o t o x i c i z y  of t h e s e  n u c l i d e s  is of t h e  sane orde r  as 239pu. . 
Fo: SO?P a ? ? l i c a t l c z s  (e-g., neut ron  s o ~ x e s ) ,  238?u mzy 3e t he  predoxnine.nt 

. .  i=So:opc, 5z:t g,sz:ri*elly stlch s p ? l i c z t i o n s  z e  few, zzd the t o t a l  q u a n t i t y  
used is Sz&.A wScn - -  ccz?czeC -5th tkt of 239?c, Fwzhe-mre ,  s . ince t h e  r ad io -  
t o x i c i t y  05 . tk ~ Y O  i s o z q e s  is sinllar,  the  d i s c u s s i o n  below g e n e r a l l y  

\ .  - e  

f 
applies to 2"?u 1s x e i l .  . .  

Because of zk? Xgh cSen icz l  r e z c t i v i t y  of plu tonhrn  and the  'prob&le 
nature of t h e  acc ident  (v iz , ,  g i v i n g  a r ise t o  a f i r e ) ,  ?uO2 is t h e  'assumed 
chemical form i n  t h e  eqvironnent , This conpound is ge'zc: : , a l l y  considered . t o  
be b s o l u b l e ,  and tSe  degree of i n s o l u b i l i t y  is a . f u n c c h n  of t h e  ox ida t ion  
t e n p e r a t u r e , ( 3 )  High-fired oxide is most h i g h l y  insolu>Le, while ox ide  pro- 
duced by auto-oxidat ion a t  m o ~  t enpe razu res  produces the nos t  s o l u b l e  form 
of the oxide.  

- -  : - .  3be phys ica l  forn of ' t h e  p lu ton iun  is  assumed t o  be p z r t i c u l a t e ,  with 

. 

. 

. . _ -  . - .  . . . . . . . . 
, .  

log .noma1 . .  . d i s t z i 5 u t i o n .  and a mass Redia? aerodynanic  diarce t e r  (XXAD) of 
1 - t o  2 with  G = . 1 . S  to 2.0. This  i q l i e s  a count  mean aezodynanic 
d&meter oA - 0 - 5  t o  i,Op-. ??lis p a r t i c l e  s ize  d i s t y i b u t k n ,  a l though n o t  the 
"&st S o s s i b l e  case" froa a inf . .a la t ios  s t a d p o i n t ,  is conserva t ive  .End 

, : L h+-be-e?:.infert.ed . -  .fron e x ? e ~ i m e n ' ; ~ l l ~ . s ~ u d i e s . ( u - ~ )  i .  . .. . . Stewar t , (6 ,7)  . .  . fo r  exahple:, .<;-. 
.. %.,ex&!ri?ents i n  which k t a i l i c  p lu ton iux  X E S  .burned, found t h a t  t h e  mss w&i . d i x x t e r  (MX3) .of t h e  airbcnrne f r e c t i o n  of ?u . r a g e d  .from 0.3 t o ,  

. '29.e.- -Sin$iay - + r t i c l e  s i z e  d i s t r i b u t i o n s  weze . r e p o r t e d  by . E t t i c g e r  e t .  al. '  
(St-+d &iGersen.(4) Sore t h a t  t h e  p t - t i c l e . s i z e  d i s t r i b u t i o n  of P U O ~  w i l l  
v a q  ; y i th  i s i t i o n  t ez?e ra tu re ;  t h e  h i g h e r  t h e  i g n i t i o n  t e n p e r a t u r e ,  - t h e  

. 

g 

- 

- .  

- -  - .  - - .  - . - .  - _  - - . .  . . . . _  . . , i&c_g _t>e . p c = t i c l e  - .  size . (7  ) - .  
. .  

. .  , . .  -.- F --: - - -  - . -. '. . -.. - : -. - t C O t o G P  A%5 FATE OF ?LUTONIUH IN '.THf ESVIRCS:CNT 
. . . . . - - , . .  ._ --. i 1 ' 

. . .  
i n  :::eveda i n d i c a t e  
on t h e  ground s u r -  - 

- .  . . .  . 

ou t -  05 t h e  ground ; w a t e + . . -  . 

n i g k t  - concen t r a t e  - the  -p lc tonium-in  
bod ies  . of -'wa:er If , . for.. e x z q l e  I t h e  
latsr .  evepora te  , "hot spo t s "  might be ' . 

i n c l u d i n g  sue6 p o i n t s  as 
?.re. not '  r e z d i l y ' a v a i l z b l e ,  a3d .  - . . . .  - - ' ' '  

a c t i o n ,  ' m d  weatheFing. 
-;:- - . . .  . . - .. . 
. _ .  A' c e r t a i n '  f r a c t i o n  of t h e  p lu ton iun  d e p o s i t e d  03 tSe ground or o t h e r  

f i a t  Buzface caq >e r e s u s p n d e d  t o  g i v e  s l g n i f i c a z  a i r  concen t r a t ions .  A 
g&< G ~ Z L  05 effr:?'; hes ricvozet to t h e  s:utjr of r e scs?eas ion  factors 
(5-7,9-17), a d  r e p o r t e d  va lces  fc,- p l u t o z i u n  and i t s  cocpounds r ange .  ove r  

s u r f a c e ,  wind, and resuspens ion ,  t S e  p a r t i c l e  s i z e  ( w i t s i n  l i n i t s )  and, t o  
a l e s s e ?  ex?:pnt, the c o n t z i h z t i o n  l e v e l  s e e n  t o  make l i t t l e  d i f f e r e n c e .  
Taa p l u t o n i z n  a i r  concen t r a t ion  w i l l  v a ~ y  acccdicg to the he igh t  &ove 
t h e  c o n t a z i n a t e d  szrface- O h i o u s l y ,  i n  exc losed  roons u i t h  cons ide rab le  
air  c i r c u l a t i o n ,  air concen t r a t iozs  w i l l  be grea ' te r  t h a a  LT FOODS sri th 

1 .  

i '  
i .  - .  . ..li orders of nzgnl tz8e!( lS)  Although sone c o r r e l a t 2 o n  ex is t s  anong type  of 

i 

.-. --.-t- - - 

i '  
: 

. .  'still a i r  or  i n  large open areas. 

- to gror saaller a t h e  material ages . ( l5 )  ??Ius, t h e  a i r  concen t r a t ions  o-rex. 

. .  . .  
0 '  0 .  The r e suspecs ion  facto? (RP), accord ing  t o  at least  oze s t cdy ,  anpears 



4. 
. .  

Conclusion 

Any known excavation technique or process would remove a l l  vegetation 
and in same areas a l l  of the top s o i l .  

Discussion 

It would be necessary t o  carefully consider and weigh this impact on 
the environment' against any anticipated benefit from excavation of 
any area. Cost t o  replace top s o i l  and reestablish the vegetation 
mst be a part of any excavation plan but are not included i n  the 
previously presented estimate. 

. ., I .*..-.CIL-- .. . .  . .. . . . .. . . . . . ... . . . . .  , . .  ~ . , . ~  - 
I .  . .... . .  . I  

Reconmendat ions 

1. The Division of Operational Safety should be encouraged t o  continue 
efforts to establish official  and accepted concentration guide values 
for plutonium and other materials in soi l .  

2. An agreement exists between the U.'S. Atomic Energy Commission and 
the State of Colorado that no. actions w i l l  be taken to  remove the 
radioactive materials in the 903 Area until.such time that a suitable 
alternate location is established away from Rocky Flats. Under the 
present conditions and lacking a proven excavation technique, it is 
likely that excavation of this area a t  this time presents a greater 

poiential -- ^ .  hazard- 1 - t&n leaving the area intact. 
the area southeast.of the asphalt pad where there is good ground cover 
w i t h  its associated stabilization effect. 
excavation of the 903 o r  any other area be undertaken a t  this time. 

This is also true of 

I t  is  not recommended that 

3. It is recommended that the roads on both sides of the security fence 
east of the 903 Area be seal coated o r  asphalted from Central Avenue 
south to approximately Austin Grid E-22,500 or that t raff ic  be 
restricted to only that which is essential t o  environmental sampling, 
security patrols, and f i r e  watch activities. 
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Xn summary, it is not recommended that excavation of any area 
be undertaken a t  t h i s  time. IVe w i l l  continue current preventative actions, 
maintain and improve the current surveillance and monitoring programs, 
continue to study a d  thereby improve our understanding of the existing 
conditions, and develop techniques and managenient programs should excava- 
t ion of any area be deemed desirable or necessary i n  the future. 

. . . . .  , . . .  .... ? ,  . . . . . . . . . . . . . . .  . . .  .... - _. . ... V . . ' C . . . .  .... . . . ' . L . . . . . . . i . . r . . . .  _ I _ _  , , _ I .  .. i.". i .  . .  - .  - ._ ......,. 

. r  .~ . . .  
. . _. . . . . . . .  . . . . .  
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. R.L. Kathrea 
Batxe l l e  Northwe st 

Rialland, Washington, U.S.A. 

. .  

. . INTRODUCTIOX 
. .  

Yetallic 239Pu is 3eing used i n  increasing quan t i t i e s  foF ' reac tor  fuels . 
'and f o r  nuclear  warheads. Alzhough t h e  proLa5i l i iy  is qui te  ~7211, an 
apprecia5le aqount of -pluzoniun could be involved i n  a fire, explosion, o r  
o the r  inc ident  causing coztanination of the  suzroundicg area.  A. incidenz 
of t h i s  type,occunred n e a r  ?alo;?.L-es, Spain, i n  Janua~y 1956, when two U.S. 
, ,~.r~.~ofce, ,pl,?es.-cpllided..  i n  midas?.: . Two- ~ l ~ Z o n ~ ~ ~ - ~ 2 ~ p ~ n g , , ~ ? o ~ s . - c o ~ ~ 2 - ~  . i:.' . . - _  -:+.st 

minated. a s i g a i r i c a n t  azea-of  :he .coontryside,  ax! rat5.e;- extzexdecoztaa i -  

. .  

_.. .-. . . . _ ,  . '-. * ' ._ ' '  

: .  nat ion e f f o r t s  were e;?loyed ove: 'a portion of t:Ie area. (1) ?e cos t  of t h i s  
operation h a s  been e s t i za t ed  2t 50 = i l l i o n  d o l l a x ,  of which ozly aboot 5 
nr i l l ion 'do l la rs  was eqended  i n  recovery of t h e  weqon l o s t  i:: the  sea. -4 

.. 'second inc ident ,  qui te  siailar to the oce a t  Palonares, occurzed ea=.ly t h i s  
" year. A t  t h e  t i n e  of t h i s  .writing, specific da ta . . regaAing  t?.e ex ten t  of 

The probabi l i ty  of a ser ious  accident Sas keen caznputed fo? sevezal. 

. .  

environmental contanina:ion a r e  not avai l&le.  
_ -  
. .  

,_ ; - -=I . .  . ! _ C . .  . _  ,- ~'., , %-:: .a;oCes...of.,s ~ i p ~ e n ~ ,  based 03 avai lable  . infornazioa- (U.. S .A,.-)- of- accidezt:  3 8 

. frequency aqd sever i ty .  ( 2 )  For c e r t i f i e d  a l l -cargo  c o x z r c i a l  * .  a ~ r c - a f t ,  t k k  
p - m b h i l i t y  i s  1/42,000 per 1,000 a i l e s  t raveled.  Foz other  codes of COP- 

. .  

. .  
. ,- 

. - .  _.,_ - .  . 

! .  . 

* .  

0 I '  

. .  
1 

. .  

mercial shipnrent, the proSabi l i ty  of a seyious accident per 2,000 a i l e s  is 
a f a c t o r  of 2 t o  4 less;  

Evaluation of the degree of hazard r e s u l t i n g  -+ox such 23 accident is 
not an easy task ,  because few da ta  apply d i r e c t l y  to a s p e c i f i c  ? i e ld  
s i tua t ion .  Many f ac to r s  need to be considered, and where d a t a  a r e  lackiiig, 
seasonable y e t  conservative assumptions should be nade. 

' 

\ 

, 5 . -  

- ".a I. , _ _ A .  . -,-... . .  _ . ^ _ .  -., I C . _ _  ....... -.. - . ._ . - . , ,- .  , . .  - - .  - . .  ( I  . - . . .. ..... . . . . _  
Th%s repor t  w i l - 1  consider b r i e f l y  the  .?hysical  . . ~ . d  .jio&.!.cal fac tors .  . - 1  -.--- - .  . - . _  

per t inent  t o  the e s t ab l i sh ren t  of acceptable sur face  c o n i a ~ i n ~ t i o ~  l e v e l s  
for environzectal  239Pu02. The p r a c t i c a l  d i f f i c c l t y  of acrck l  f i e l d  
measu-enent of these l eve l s  w i l l  be onitTed, as w i l l  disccssiGn of rhe 
economic, s o c i a l ,  psychological, noral ,  z.d othe? inta2giSle  f ac to r s .  

. .  Presented below is. a b r i e f  a a l y s i s  of the svr face  contzzizarion kazard 
. _  f r o m  a se r ious  accident hvo lv ing  r e l ease  of 239Pu. k t h e r  than provide a 

complete l i t e r a t u r e  survey, an overview h a s  been nade with pezzinent re-  
'.. ferences ci ted.  

CKXICAS AND PkYSICAI. FCW - 
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a.. contaminzted scrface w i l l  be reduced w i t h  t ine .  735s "air Concentration 
h a l f  l ife" rages Cron 30 to 60 Czys ,(15,16) and 45 days w 2 s  se lec ted  2s. a 
=.casoaz3l?e valce. 3edact ion of a:rLo-Te ?lutor,iun is a r e s u l t  of weathering, 
trmsLocztitc, F& ozhcn condi t ions wXch bind t h e  Pu t o  t he  g-wund. 
Weathezizg r'.s 9zoMly zSe most i m p o r t a r  s ing le  fzctor a f fecz ing  . the  air-  
Some ?a l e v e l s ,  

.Revie2 of tk e v a i l O l e  pe r t inen t  l i t e F e t c r e  would ind ica t e '  t h a t  a RF 
of lo-' X - l .  dt!xwqh conscnvztive,  is a?pcopriatc . ' In support. of .:his value 
t h e  data of S t e ; ~ ; r ~ < L 7 )  is c a r t i c u l a r l y  gernme. ?or deposi t ion from B se-ies 
of weapns exper i r zn ts  w i t s  both plutonium snd uranium, resuspension:factors  
as great as 7 x 10-4 ~ - 1  were seeno  For outdoor conditions with coderate 
a c t i v i t y ,  Stewart: proposes a value of 10'' t o  

,' . . .  

. 

14-l as a guideline.  For  

Working xith -302, Jones and Pond(l4) found a? everage ?J' of 5 x 13-5 
X-1 ih a la5oratoIcj wi;h E person moving across zke f l o o r  a t  the r a t e  of 36 ' .. 
stem pez ninc:e. In enclosed rooms with conside?&le novecent ,.'RT's of 

t 0 > 1 O - ~  14-l have Seen r epo~ ted . ( lO , l2 )  These la t ter  s i r u a t i o n s  are  . ,  

s m c n k z  aqalogous t o  a Souse i n t o  which contamination has been tracked froh 

quiescent outdoor condi t ions ,  8f-l is suggested. . .  

. . . .  the outs ide ,  a d  h .which t3e occupmts a r e .  carnying onu n p m a l  l i v i n g  . , ._ . . . .  _ ' :  ; . . . . . . . . .  .. . ,  - . . .  . . . . . . . . .  . . . .  ' . .  
I _____ . . -  . .  . _. . .  .- '~ _._.. , .  . .  . .  

. .  ,activities.. . . . .  . /  , 

Ot5er c o n f i r a t o r y  data CE? be obtained from inGust r ia l  experience w i t h  ' 

' .  uraniuz.(9) %oxever, the  d a t a  me not always appl icsb le  t o  t h e  widespread 
- enviroazental. czse: Iltrch of the  ava i la5 le  environnenzal da ta ,  notably the 

PlurSboS resul ts ,<8,1l ,15,17)  ere questFonz3le when ca re fu l ly  scru t in ized .  
The absence of adeqckte d a t a  s t rong ly  j u s t i f i e s  s e l ec t ion  of a conservztive 
RF, and 10" t.T1 -ap?ears s a t i s f a c t o r y  et t h i s  tize. 

is a paucity.of pe%Lz,ent data r e l a t k g  t o  plutonium i n  man's'food chain. 
. The fe-a s t u d i e s  of plutoniun.uptake by planTs grouing in.contaninatec! s o i l  
(16,i8-20) i n d i c a t e  that: i5e uptake by t h e  leaves is  qu i t e  scal l .  Even 
when Pu(:iOg), whicS is K0-e soluSle  t h a  ?u02, uzs used, t h e  concentration 
in ?laat l eaves  k'u only- about 0.01% 'chzt of t he  concentration in  the  soil. 

ba-leg, Sca?s, ti-d ,pezs;(i8-20) kowevey, no d e t a  a r e  given f o r  roo t  crops 
(e.g, e carxts 1 or  prennia1.s  

3e4e%gcte 'd. '  G s s t x - L n t e s t i n Z  2ssor?tion. of Pu is snall(21-221, and i n  the  
event of' uptake, nost of the plutonium would de2osi t  i n  inedib le  port ions 
.of t h e  a?izd, such as The bone, or i n  t h e  l i v e r .  \*hen t h e s e  f a c t o r s  aze 
cozhinet w i t 5  :>e szell ano9~:nt of plutonicn ex?ected i n  ?lant foods eaten 
by t h e  a ~ i z a l s ,  th is potential SOUI'C~ o r  ZeservoFr Of plutoniuq is  negl i -  

The ecology of e n v i m m e n t z 2  Pu02 is of s ingu la r  importance, y e t  t he re  ._ 

. 

. 

.. .me conceztzation in The roo ts  were ncc5 &:eater. Data are a v a i l a l e  f o r  . 

Coi~centrao~o?,, ,of, ?u i n  ";e P?..ssues- of a r h z l s .  used f o r  .food is no% 'to .:: . - . " -- 
. 

....... 

' g ib le ,  at l e a r  w5en considering The hazard t . 3  sa?. 

TES NATUX 07 T E  €!AZAR!I -- 
Cantadnation of the eavironz$nt by PuO2 wozld primari ly  present an 

internal. r z d i a t i o n  keza--d t o  t h e  populace. O f  t h e  t h r e e ' b a s i c  routes  of 
entry, the p e r c u t a e o l s  wocld seen  t o  Se t he  l e a s t  hatardocs unless  a f a i r l y  
le=.ge c;L-,ooc:::: of contzcinznt  were i2tPOdcCd tk=oxzh 'ke h o k e n  s k i n .  ( 24) 
Percu:aeous ebsor?zion tfimcsh t h e  unbroken :.kin a d  skih ex?oscre are 
n e g l i g 3 l e ,  dlt:hoq:gh 
This latter case would Se except ional  hoxever. Zairy by t h e  ingesi ion roa t e '  

fev p a r t k l e s  of ?do2 i n  a woznd night cause pro3ler:s. 
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. . is. far-  less J ike ly  t o  crea te  ' a  haza=d(24,26 1 because the f r ac t iona l  upta)<e 
. - -  ' f r o z l :  &e ~ ~ ~ ' ~ ~ - i s ' o ~ l y ' o ; 0 0 3 ~ ~ 2 1 )  ,for. ingested Pu. Hence, even if the  Pu 

were concentrated i n  foodstuffs ,  t h e  up;.=.:te from icgest ion would be s3alL. 
And:-only w i t 5  nillicurie/c!ay i=t&es would t h e  dose t o  the G.I. t nac t  be 

- - .  -. . 

. .  
: . s u f f i c i e a t l y  p a t  to cause concern. . . .  - .  - .  - - .  - - _ .  _ .  . . . - - - . .. . . - - The inha la t i03  hsza=.d oFpUO2 greatly excseds the ingestioa o r  2er- 
:. cu~aneous h a t i d .  bid. is t h e  l i n i z i n g  r'acro=.. ?:Tis is par t ly  a tz r ibu tz3 le  to 

-%he'  s n a l l  mass of t h e  pulnoaary l p ? h  nodes, 20 gn, (27,281 and the! f r ac t ion  
-.. of  i n h i l e d  dust re ta ined  in then.(29-34) Tiis 5-act ion is &out 2% for  ?u02 

p a r t i c l e s  ~ of the  type spec i f ied  earlier. (29  1 ( C e r t a k  ques;io;ls, o f '  course, 
remain unansucred: e.g., E':OW.IJUC!I PU crosses the  placenta ana  is incor?orateC 
5nto tSe fetus? Qcestions of . t h i s  na t c re ,  hosreve~, refer t o  r a t h e r  specLfic 

?:cases and. cb? only be resolved by fur ' ther exp- i cen ta f  work beyond t h e  scope 
- 03 this- evalwt icm) .  Using the .  In te r rz i t ioza l  Cormittee on 3aciological  -0- 
- - t e c t h n :  t a s k -  group model- :OF- lung clearance., (29 1. t5e l p p h  nodes w i l l  be ihe 

. .C :%l ' f& j . i iL<  !-fro3 _ .  ,a ,hiolo&al 'point  'o f  vi&.4)' e f f ec t ive  h&-life of the  Pu02 , , 

_ .  -- c-- - .It: is. difficult-. to- assess; or even: ta c o n y t e  ,.. a perDissi3le l e v e l  05 
. ~ ~ e k p s u ~ a - .  -I Biological paraete'rs =e. def ined.  3y Staida--d N a  data ,  a d  the  

.- - . _  . 
. c. 

c- 

- - - .  . 

. .  

. .- 
c -  

- -  
- _  t-lt-ical o r g a , .  pzimarily because of t h e i r .  snttll ~ Z S S  a d  the  e s s e a t i a i l y  . 

'I particJes. cieposited- in- then,-, 

.. .. 

. . .  . - .- . . .  - .  - - - - .  - . - - - -  5- - - .  . . _  _ .  - _ _  - . . . - -  - - . . -  L .  . . . .  - - .. - ._  -: - _  - - - -  , _  -. - - 
..---. ..- 

c. ' ---aSS: -1CRP Recoxerdations(29 also provide- a? i;rdication of acce?tei3le zisk. 
-.-.Th& XR?. pmmlgates. a- Dose. . L i m i t .  of 1;5 ~ e a / y r  to the  lungs of a population 
:L gr6Qp exposed- to' rontro1iaH.e souxes ' .  For  d i s a s z e r  ty?e s i t u a r i o s s  02 

- 
-- 

erxsgencies,  the- ocly guideline given ,is e s s e n r i a l l y  "judiciocs decision 
~ rn@c-b&.''l;rn: gener.al,. the. Coaii t tee , ,  as. w s U  2s t h i s  inquiry,  advocates a;r 

-,?c-t-ual,dose as ne,- zero is possi5le .  i-',oweve=., ior a ,popdla;ion g=.oup i n  
!. a .pl-utoniun cohkam,inated e a v i r o x e n t  , ..a 1 ix iT iag  luag dose of 1.5 rea/y=. 
-..-may, well 3 e '  a c c e p t a l e  ..- Althoug:?. d.esi=.ajle, i t  nay c o t  be prac:lcable t o  
:- ~ Q c e  area .con;axZnation l e v e l s '  t o  zero. following a. re lease ;  tkerefore  , 
-_ gic~-ep~.&le l e v e l s  ?or e5vi.rhiiiental '  PUOZ have. bee? calculazed,  based on 
&~3,. fohloiwing pre.ni.ses:: - . . 

19 J;). Dedarr'ranhaticn efforts to seduce surface contamination below these  
J.9-v-e-X~- - . - e  not  feas file-. 

. .L 
-- .- ._ -. - - _  _ - - *  _. . 8 .... . c . . 

. . .  . ...- - - - ._._ ~ .- - . - .  _ .  . . .  
.... 5 .. . - 
-.. - - - .  

. -  . - -  . - - .  - - . -  -.- - . . . .  . .  - - _  . . . - - - . 
---.;-.-- - - - - - -  - - .  _ . .  _ _  ~ . ~ . _ . . _ _ _  -.. . . .  . ..- - - _ _  -_ . -: . . - . _ .  . - -  -- .- .  -. . . _ _ - _ _  

- .  . - _  - 03- or other  in,solu5le o( ei. i t .gerk.  of si:ilu ' S Z Z ~ .  are- t h e  prinazy - _  - - - _  . , - . . . . .. - . ~ - . -  . . . : . .. 
L -;.-. - - . so.urce of conrmina=i'oa. . . , . - -  

3). An .acceptable r i s k  i s  lo 5 remfyr t o  t h e  .adult- . .  buixanary lynph nodes. (29  1 
-4:) fTec5nicaf daza: 

. - -  . .  . . - .  - . - -  
. - . - _ - .  - . , - . -  . -  - -  . . ._ -  . , . 

I \ f M D . - -  - -  ~ . . '  '2 . y .  - . ~ : . . ~ . . , . -  . .  . . ' - .  - .  - . . P c t i c l e  Size: 
. . . . . . . . - .  . _ .  - .  . . - -  

Y 1.5. ..- . . CJg . .  - -  . . _  . .  - -  - - - - .  . - . - _ _  
20% depositfoxl , in  pulnonazy corn?artzent, with 15%. of this qczqzity 

transferred t o - t h e  ----- - -  puL3ona.y .- _.. . I_ _ _  lynph nodas. (29)  

:' 'A&SS 'of puLnonary lyn?h notes  = 20 2.(27,28) 
. .  . - -  .... . , - .  . .  _ _  

. -  - TEFF in ' p u h o n a q  l y q h  nodes = co fo? 90% pa=.t.:cles; azd 360 days for 
reaainder  . ( 29 1 

Ground to air resus?ensioz facto?: - T1. 

Air concentratioa half life = * 45 c!ays.(ll) 

. Pulmonary conpart;neat t o  lymph 
node traqsfer half l i f e  = 360 Jays.(29) 

1 
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2 x 10'3/day xx 0 - --= 0.693 

fL = 0.1 

. 

If t, t he  tine i n  the  contaninated a rea ,  is taken as 50 years ,  and tbe' 
integral solved for Co, t he  fo l lou ing  values a r e  obtained: 

The value chosen f o r  the super ior  l i m i t  of t he  i n t e g r a l  is not  c r i t i c a l  
. Secause almost t h e  e n t i r e  h n g  burden w i l l  be accxJ l axed  ,.within , t h e  f i r s t  

siX months. Tae l eve l s  c i t e d  above woulp a?;>ly t o  &.n, u r !  a r e a  f a i r l y  mi- 

. missfile l e v e l s  of plutoniua con tmina t ioc ,  including the la?d erea involved, 
the  land use, and tSe popularion density.  Lower l e v e l s  are indicated w i t h i c  ' 
a densely populated u ~ 3 a  area  as opposed t o  open. r a z g e l a d  or deserz,  s ince  
more people w i l l  be exposed, thereby increas inz  t5e n u d e r  of pexons  who 
nay be adversely affected.  R e  population c k a r a c t e r i s t i c s  a re  also h o r t a z t ,  

. , ; . for.. hf&,? ts -and  .c!ilCzen o r  o the r  c l a s ses  of peopla night  be zore susce?t ible  
tp adverse e f f e c t s .  However, da ta  are lacking in this area  of i n t e r e s t ,  and 
so only t h e  gsnera l  case was considered. 

,.- ... " .  .-. -..-. . ,,-.-:,. , - .  __,. . .  . 
I* '.--:I': i - * f o ~ ~ y _ ' c o n t a n i ~ a t e ~ ~  W i t h  <luto3iun. .Other ' .fdctors w i l ' l  ' a f fect  t h s -  pr- '  

Land use considerations were made subjec t ive ly ,  asld the  following 
i n t e r i n  = x i m a  pe rz i s s i3 l e  sur face  contaninat ion l e v e l s  were derived fo=. 
four land use categories.  

. .  

The l e v e l s  c i t e d  i n  Table  I are b a e d  prixaril ly on k k l a t i o n  haszrd,  . 
not ingestion. In  t h e  case of farming operat ions,  possible  concentzation 5y 
ed ib le  roo t  crops (e.g., c z r o t s ,  t u r n i p s )  or by food anizcls 2r.d i n  silk 
w a s  considered. However, the  need f o r  f c r t b e r  study o f  the ecology of enviro2- 
~ n t a l  plutoniux C a X i o t  be too sfrongly ern?hasized. iiote r h a t  tSe l e v e l s  
c i t e d  apgear s a t i s f a c t o r y  for chi ldren a l s o ,  p a r t l y  because the  Losg eqci-  
l i b r a t i o n  t h e  ax! smaller  breathing volur.i? o f f s e t  t he  reducac x s s  of r'ne- 
pulnonary l u g  nodes and the possible  increase in r ad iosens i t i v i ty .  

. 

- 
- 

TABLE 1'- - In-:eria Xaxinun ?ern iss iS le  Surcace Contaxhat ion Levels for 
Enviromental  Pi02 

3 Urban, suburhm, acd Average:. 10 d i s / c in  q e r  100 cn2 
. .  

. .  . 

. .  recrea t ion  a reas  - (0.04 . p C i / m - )  2 . .  

. .  (0.7 p c i / 2 ) ,  spread ovez .  . .  
Maxinun: 10' dis/=ln per  100 cx . .  

* .  

SlCS of &e toTa!, area include2 , . . 

1 . ;  
! 

I -  

Rural : truck fanning, 
. .  . .  annual fooli crops, ( 0 . 4  pCi/n2) 

,:. ' ,  . gra t ing  l a i d ,  ais- 

Average: 10'' dis /n in  pe? 130 m2; 

shed, e t c .  . .  - .  
Rural: dee mot Averace: 10 5 d i s h i n  per  100 =a2 

perennia P s (4 u C i / m 2 j  @1. (e.g. nuts.  certain f r u i t c \  
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Thus, a p p r o x h a t e l y  3.2 x 10'' yCi 'in, t h e  a d u l t  p u h o n e r y  lymph w i l l  :?$o- 
duce a dose of 1.5 rern/yr, BS , inGicated by: t h e  c a l c u l z t i o n  be1o;r: 

The i .utn. t i ty ,  q, of 23??x.6b _i.'Ci) in.  t h e  p t t l n o n e y  lymph n&es t h a t  
W i l l  pzovide e dose rate, .-22, of 1.7 .x 10'3 cem/hr (.s .l.S'ren/yr) 

~ 

-- 
. can be conputed 3y dt . 

d pep kl k2 q CZF(R3E)n --- - - -  ----.- 
dt k3n . 

dn which kg is a cons ten t  e q u a l  t o  1.33 x 108 d i s / h r / p C i ,  
. k2 is 2 c o a s t a n t  e q u a l  t o  1.6 x 10-6 er?gs/l<eV, 
. k3.i~ a c o n s t a t  eqca.1 t o  100 ezg/g/rad,  

c EF(RSE)n is  t h e  e f f e c t i v e  &sorbed energy i n  XeV-rem/dis-red, 
P is t h e  nass of t h e  pulmonazy lymph nodes,  i n  grams. and 

Put t ing  in the values  f o r  t h e  c o n s t m t s ,  and s o l v k g  for q, 

. - .  

100 x 20 x 1.7 q = -- 10-4 = 30'2 x 10-5 pci. 
' 

. . . . . . .  
. . . . .  .. 3 , . .  ..,; n. , . -,.-. ._-.. 

. . . . . . . . . .  . -  . .  _ . _ . . .  . .  
1.33  x 108 x '1 .6  x 53 

. .  . . . . . .  .. . .  .... . . . . . . . . . . . .  - .*, -..: ..- .:. ,.. .- *. :. . . _ I  . . ' C .  . .. . .  . . . . .  . .  

h i s  q u a n t i t y . c z n  be related t o  an i n i t i a l  ground contamination l e v e l ,  Cb, 
by t h e  equst ion '  . .  

- fL (previous term) e d t  
-let 

' =  f co e J f  
0 

. .  
I n  t h i s  equat ion ,  tSe terms are de f ined  as show: 

2 c, i s  t h e  hitial ground concent ra t ion ,  i n  pCi/n . 
RF. is t h e  resuspens ion  factor. 

. 

. .  
'x is t he  a i r  concec tya t ion  r educ t ion  factor, i n  days'l, which 

C is e q u a l  t o  0.693 = 0.014e The 45-day q u a n t i t y  r e f e r s  t o  t h e  -- .. 95 ais concent ra t lon  h a l f - l i f e ;  see supra .  
. .  
. .  

. . . . .  

- f i s ' t h e  f r e c t i o n  t r a s f e x - e d  from t h e  pulrnonzry conpar tnent  x to t h e  pulnonary lymph nodes. 

f is t h e  f r a c t i o n  of inha led  Tarnticles depos i t ed  i n  t h e  pulmonary 
P c%pzrtaent. . 

A, is t h e  c l ee race  c o n s t a n t  f o r  f,. 
f1, is %he f r a c t i o n  c l e a r e d  from t h e  pulmonary lymph nodes,  and 

AL is t h e  c learance  c o n s t a y t  f o r  fL. 

For any given ? a r t i c l e  d i s t r i 3 u t i o n ,  t h e  c o n s t a t s  fp, fx ,  Ax, fL, a d  
XL cai be o k a i n e d  frcn t3e  IC= Task  Gwu? Zata.(29) fo= Pug2 wi th  :he 

parzicle d i s z r i b u t i o c  assumed a o v e ,  t he  approp ia t e  va lues  are: 
. .  

. .  
_ .  - .  . .  .. 
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. .  . .  
a .  

Average: 106 i.is/min per 100 cn2 .- a- . Re;note:or Controlled: 
dese r t  fores t ,  fenced (4 >ci/nZ) 

. ' or l imi t ed  access areas .  

- 
The' l i t e r a t w e  a3ocnds with suggested naximn styface cociarr.haticn 

, l eve l s ,  some of winich have been w r i t t e n  i c t o  law a re  tcbulated is T a S l e  
11. With the  exception of rSe U.S.S..P., which is gar nore r e s t z i c t i v e ,  a l l  
are within reasox&le agz-eecat w i t h  t h e  nosx r e s t r i c t i v e  lev21 c i t e d  i n  . 
T a l e  I. Hudever, tkese l e v e l s  refer to the  i n d u s t r i a l  o r  work s i I c a t f o n ,  
and .hence, aye not s t r i c z l y  c o z p a r a l e  with envi=onaental l eve l s .  Bcnsrer, 

. (38-41) who has extensiv3:y studzed contazination hazaz&, advocates 10-5 
.pCi/cn2 (2200 d.is/xiL3 pe= 100 cz2) f o r  widespread it-eas contmina ted  wixS 
plutonium, &?d his work e s sen t i a l ly ,  s tands  alone. 

- .  
- .  . 

. . . , ,  .... 
.- . .. ,. ,_ 1 .._ TABLE II,.; : SuTqa ry... of-.Inxeraazional Pemissh le  Alpha ..Contbiiration I Levels. 

. .  . ---- 
. .  

Written into Law. 
. .  MaxLQlXn 

Permissible 

Contimination 
- Alpha 

Country . ... . .. . (pci/n2) Application Xefezence 

Czechos lavakia 0.11 Workplaces, 35 
af ter  decon- 
t anin a t  ion - * .  

.. 
. -  . .. 

Skin 36 . France 0.01 . 

.0.1 . Equipcent a d  
workplaces i n  
I 1  inac t ive"  a reas  

< .  

L O .  
. .  - .  Equipment and 

workplaces i n  
. ' ."active!! areas - 

. Poland - 0.1 Lzbozatoyies 
r e s t r i c t e d  to 
100 pcr 

. .  
1.0 Labc2atories 

in which 
100 p C i  
pemittec! 

. .  

35 , 
36 

South Africa 0-1 '. Body, pepsonal. 35 
clots k g  , 
inacrLve &-e=, etc. 

Equ I p ! z  t azd 
workplaces iasidc 

.. 
1.0 

. con t ro l l ed  azsas 
. .  . .  

. .  . .  . .  
L- 

o 



.. . 

. .. , 

- TA3LE 11. (coa td)  

Max hum I .. 

- 4  
i 

. *  r 
i 

5 . .  
. .  

. i  

- 1.0 
- -. ...- . 

Work s u r f a c e s ,  af ter  
c l e m i n g  . 

Hands and. work under- 
. ---clat3ing, - . - - - . . . af te r  . - 
- -ckm i n  g --- - 
. .  

~ " ~ x i a c  t i v e  " areas 36 

-.  . : - - -. .- . .  

' . Generally,  suggesred . .or -. r e q u i r e d  n a x i x x p e r n i s s i 5 l e  - . _ - _ _  .. surface conta- 
ininat ion . l e v e l s  fo? Sot:? work a?d ncn-work. env i rcnsen t s  agree  u i t h  those  
cited Ln i a b l e  11 o r  by 3unster.  E c ~ e v e r , ~ . t h e r e .  is oze notz51e exce?tion: 
t h e  3,s- Deparment of Defense. The l e v e l  of C 2  ) C i / n 2  (1.34 x lo6 d i s / n i n  
per a00. cn2) has been pronulgazed by tbeIU,S:-Air Force.(YS) This l e v e l  is 

- . . .  

- - -  

t'do t o  tS ree  o r d e r s  of nagzitude greate=.'-.$hm - contezoorary h e a l t h  phys ics  , -  

. L pr&czice,(43-46) and. about 4 ordeFs 05 nt?,pltude h igSer  t h a n  those suy,g,cs:ed 
. :-.bylDuzster.(38-41) . - -  The Navy pxb l i ca t ion  ?r3L?AC, wi thout  r egu la to ry  s t a t u s ,  

hdicates a f ina l .  c learance  l e v e l  a c c e p t a s l e  for u n r e s t r i c t e d  r e l e a s e  as 
&out 0.04 jtCi/n2 (SO0 d i s / n i z  per 100 c m 2 ) . ( 4 7 )  Sosrever, ano the r  Navy 

(1.3Q x lo4 d i s h i n  ?e: 100 cn2) has  beea . scgges t ed  f o r  sh ipboard  occup,an.:y 
, p b l i c a z i o n  has suggeszed aa alpha contahlnas ion  l e v e l  of  0.62 p C i / m  2 

. .  on 'a continuous basis .  (43-49) . 

.. 

- . - e x i s t s .  n i t s  respec; t o  al+a con tan inz t ion  liziits i n  t h e .  e n v i r o m e n r  . EX- 

Although such a discussio;  could be' c a r r i e d  on at cons iderable  l e n g t h  
(perhaps -- ad . in f  . i n i t u n !  1, t h e  po in t  has Seen x i d e  : cons ide rab le  confusion 

i s t i n g '  stmdards are  3ased upon x o e f u l i y  , inadaquatc d a t a ;  o f t e n  a conserva t ive  
apgroach is no t  c z i l i t e d .  ;<ore i n f o r z s t i o n  is nzeied,  e s p e c i a l l y  rega-ding 
the fate of plt'toaiu:~~ ( a n d . o t h e r  a lnka  e;;lixtert) i n  t 5 e  envi roment :  U n t i l  
such' i n f o r n a t i c n  Secozes a v a i l a l e ,  ' che  i n t e r i n  s i a n d a d s  of T a b l e  '1 are i 

. -  - 

.I :. 

. .  " '  

. 

. .  put f o r t h  as c o n s i s t e n t  u i t h  good h e a l t h  ? S y s i c s ' p r z c t i c e .  . .  
' .  . .  . .  

- .  

~> 

. .  
' >  
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